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SECTION 1

INTRODUCTION

This report summarizes geotechnical field and laboratory test data collected for geotechnical design of
silo superstructure foundations associated with the Operable Unit 4 (OU-4) Fernald Residue Vitrification
Plant (FRVP) at the Fernald Environmental Management Project (FEMP) . As part of the Final Record
of Decision, vitrification has been selected as the desired remediation method for residues currently stored
in Silos 1, 2, and 3. Residue Retrieval systems will be designed and constructed to remove the residues
for subsequent treatment at the FRVP. Kesidue in 3iios i and Z wiii be accessed through the top of the
silo dome from superstructures while residue in Silo 3 will be accessed through the silo side wall.

In support of PARSONS Project Order (PO) 161 "Silo Superstructure Design for the FRVP",
geotechnical soil samples were collected in the silo area and laboratory testing of the samples was
conducted to provide geotechnical data for the design of both the Silo 1 and 2 superstructure foundations
and Silo 3 equipment foundations. This report summarizes the results of the field activities, laboratory

testing, and associated geotechnical engineering evaluation.
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SECTION 2

FIELD ACTIVITIES SUMMARY

This section summarizes the field activities implemented per the Project-Specific Plan for Silo
Superstructure Design Investigation, Phase I (FERMCO 1996).

2.1 Geotechnical Test Borings

Eight geotechnical test borings were advanced in the vicinity of Silos 1, 2, and 3. Figure 2-1 shows the
test boring locations. Drilling and sampling operations were conducted from January 3 to 16, 1996. The

driiling and sampling was performed by the Fernald Environmental Restoration Management
Corporation’s (FERMCQ’s) drilling subcontractor, Alliance Environmental, Inc. A PARSONS

Galo 1

ed the field lithologic log, oversaw Sainpllng Operallons and selected the
e geotechnical laboratory for testing. FERMCO Environmental Field

r.ugluucl mg Uumug ist prepar
soil samples to be sent to

Oneratmn personnel provided sa

muole management and logistical sunnort for the field activities A drill

am 2 AL VES LT A 1avas davia Y aiawsy. A aia

rig with hollow stem augers was used to advance the borings to the planned depths. Appendix A lists
the geotechnical test boring coordinates and their total depth. The coordinates are from a survey
conducted by FERMCO. Appendix B contains the field lithologic logs.

Soil samples were collected continuously using split-spoon and thin-walled tube samplers (ASTM D
1587). Standard penetration tests (ASTM D 1586) were conducted in conjunction with sampling. Bulk
samples of auger cuttings were collected for compaction tests. The soil samples were shipped to Advanced
Terra Testing, Inc. (ATT), LLakewood, Colorado for geotechnical testing.

2.2 Woater Level Measurements
Water level measurements at existing monitoring wells in the vicinity of OQU-4 were taken by FERMCO

On Janudary 19, 1996. nppcn’du\ C contains the water

summary of the water elevations at specific well locations.
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SECTION 3

LABORATORY DATA SUMMARY

This secaon summarizes the results of geotechnical laboratory testing pertormed by ATT during February
and March 1996, _he laboratory data sheets (rom the testing are contained in Silo Superstruciure
Geotechntcul Design Investiganon, Geotechnical Lahoratory Data Report (SAIC 1996),

- abe 4
3.1 Test Meathods
The geotecnnical tests performed by ATT are listed in Table 3-1

Table 3-1 - Geotechnical Test Methads

I
il Test Method Title i
ASTM D 2216-92 Standard Test Method for Determination of Water (Moisture) Content
of Soil and Rock
ASTM D 4318-93 Standard Test Method for Liquid Limit, and Plasticity Index of Saus
ASTM D 42263 Standard Test Method for Particle-Size Analysis of Soiis
ASTM D 854-92 Standard Test Method for Specific Geavity of Soils
ASTM D 698-91 Test Method for Laboratory Compaction Characteristics of Sail
Using Standara Effort
ASTM 2435.90 Standard Test Method for One-Dimensional Consofidation Propertics
of Soils
ASTM D 4767-88 Standard Test Method for Consolidated-Undrained Triaxial
Compression Test on Cohesive Soils
Reference: Annual Book of Standards, Volume 4.08, Soil and Rock (ASTM [995)

3.2 Index Properties

Table 3-2 summarizes the results of index properties testing of distucbed (split-spoon and bulk samples)
and undisturbed (Shelby tube samples) soit samples collected during the ficld investigation. Table 3-3
sumnarizes unit weight measurements from testing of undisturbed samples.
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Silo 1
Silo 1
Siko 1
Sibo 1
Silo 1
St
Siko 1
Silo 2
Silo 2
Sik 2
Sila2
Slo2
Slo2
Siio 2
Sllo2
Sio2
Slig 3
Slad
Silo 3
Silo 2
Silg 3
Silo
Silg 3
Sio )
S0
Sile 3
Sl
Sllod
Silo 2
Slie 3
Sio 3

Moles

Un Sie '
Locaton

-~

[

w

Borlng Samply Sample Top : Bollom Colot
Ne Ne Type Depah | Deph ifrom held log)
- leel) | (tent) .
1206¢ 411304 (5t 0 95 Yellowish rown
18080 411306 | 8T "e 12 S Dark Gray
12060 411308 |88 150, 17 0 Dark Olvo Gray
12060 411310 (Bulk oo 10 O Yediowish Drown
12061 411331 |8T 28! 8 0| Cark Yellowish Erown
12061 411333 (8T | S 90| Yeliowiah Brown
12061 411335157 105 13 0} Yetlowish Brown
12062 411312 ST 25 S0 ok Yellowlsh Brown
12062 411315, 85 8.0 10 S Dark Yelkswish Brown
12082 avis|sT 105 130]Yenowish lrown
12082 411313 'S8T 150, 170 Ollve Brown
12083 411222, 87 an § G} Clive Browmn
12083 411324 8T 80  10.5}Dark Yellowish Brown
17083 411325 | Bumk Q0 10 0] Oark ¥ iowish Brown
12063 411327 | 8T 120 14 5| Gray X
120830 anage|ss [ 145 18 5|Dark Yellowish Brown
12064 411343 | 8T i 35 8 0] Oitve Brown
12064 411372 8T [ 215  240)Dark Grayish Brown
12064 lIIJ‘JSlST A 5 100 Oltve Browin
12064 411370 ST . 175 200 |Dark Grayish Brown
12065 411333 ST g0 BQ [Light Glive Hrywn
12085 411387' 57 130 150/ Dark Grayish Brown
12065 411308 ST 165 18 5; Qray
12065] 411338 Buk 00 1DOfLIGM Ohve Brown
12066 411352 8T s B QfLigh Onve Brown
12068 4||3:5.’l5T 115 14 0] OMwe Brown
12068 41 IS:BS\,B\M [+1) 10 Q] ¥ellowish [@rown
12066 4113,§; 58 1606 18 0} Dark Graysh Brown
12067 411343 8T 75 100} Olve Brown
12067|  411345.ST 15|  10.0]|Dark Gray.
12067 411347 &8 155 17 5, Dark Gray
On-Bie Locabon, OuU4 Sies! 2
Sarpla Typn Buk [Hulk Sarmple
&S Hplh Spron Sarrysle
sT Hhelby Tube Syrmule (ASTM C 1580
Motiure Contenl desermined by ASTM D 2218, Flasticly Indicles by ASTM D

NP - Reporied a9 non plasic from laboratory plaslicity 1esl (A5 TM D 418)
NT . Nod Tesied

USCS Group Name  {V) Visual Clagsihealion, not ¢lassihed fron

Dala Sourto PO 181 Sko Supersiructu e Geolechnical Design

FAUSERFRDOBIPO 6 1 AB\LABFNL WK3

Table 3 2 Summary of Index Propertics, Disturbed and Undisiurhed Samples

General
Swrahum

Ful

Liray TIK

Ciray TIU

Fl

Loess

Loess

Siratfied Glacial Deposita
Ehypwn Till

Elcown TH

Blrgrwen T8

Ciray Tir

Stratfed Glacial Deposit
Siratified Olacial Deposity
Siratfied Glaclal Deposits

| Sirathod Glacial Deposits

 Brown Tl

Shathed Glaclal Depusits
Svaified Glaciel Daposhe
Shatified Glacial Deposhs
Sthratfied Glacial Depsonits
Stauted Glacial Deposits
Brown Tl

Brown Till

Strathed Glaclal Deywity
Strathed Glaclal Deposits

*Shetfied Glecial Depoatts

Sravfiod Qlaciel Depusits
Brown Tt

Statifed Glacial Depoaits
Brown Tul

Qray Til

4318, Gireln Size by ASTM D 423, Specific Gravity by ASTM D 854

walory lest data

USLS USCS | Mulsture | Limdd | Plaslc | Plasticity areler Size "| Bpsckc | Daie
Growp Mame Growp | Contem Ll Limk Index Gravel Sand SHand Clay | Clay (0.002 men}]  Qrewity Source
Symbol | {%) i (LT ) (» | (% o). ™ .
Sandy Sty Clay cLML | 1S 190 125 84 28 arg LUT LCL] 1) LSREN
Saiy Sty Clay cLML el 2w 38 85 88 oy U 154 271 PO 181
Lean Clay (V] NT 153 NT 'NT NT NT NT NT[C Nt NT[ PO 161 |
Cliiyey Sand wih Gravel sC 151 2t 136 7h 273 ue e[ 10.2] 270] Po BT
Lean Clay {V) NT 244 Nrl 'NT NT NT: Nl NT NI — NTL PO 18t
Leyn Clay tL a] e 5.5 123 0o es] w5 25 21 po 61
Sandy S ML 135 1601 IEL 33 34 %2 8.4 13 2.r8]” PC 101
Samty Loan Clay with Gravel (V) |NT xS NTI NT NT NT: NT NTL NTL _PC 181
Sty Sandt SM 127 NP, NP NF 88; ue 404 275] PO 181
Sitly Sand with Gravel sM e 164 i3 28 232 e 42 [l MR
Sandy S s L] ‘NP NA 37, 382, a1.1 284]" PO 181
Lean Clay oL 238 452 i€3 209 0o, 11 889 14| PO 181
Silty Clay with Sard JELML 218 219 EL] CE) 00! 1517 840 1 27| PG 181
Sendy Lean Clay oL 242 284 ir1 114 7o 25.8 874 } 272] PO 181
Lean Clay cL 208] 268 82 wr LER 6 K4 5 281 PG 161
Well Gradod Sand with Gravel (v) {NT 257 NT N N NTI NT. NT NT NT] PO 181
Lean Clay (V) NT xe NT NT, N NT NT. NT NT NT] PO 181
Lein Clay with Sand cL 153] 228 i3z 9 a6 218 a9 T 2.78] PO 181
Sitly Sand with Gravel M ! FEE] NP NIy 160 529 EIB 87 2.n] POl
Leun Clay with Sand CL i 143 228 \EEN LK 12 208 7e F- R 280] PO 181
Lein Clay cL | 22| o oeey €8s’ 8.4 00 61 e 2 28] PO 18y
Sandy Lean Clay cL [FL] BC T 127 85 8 2.9 X} 199 282] PO 161
Sandy Lean Clay with Gravel (V) |NT 88 NT NT Nt NT NT NT NT L PO 181
Leun Clay cL 247 270 iaal 104 14 66 920 2 78] PO 161
Leun Clay cL 200 48 (RN 154 0o 10 0 2./8] ‘PO 181
Lesn Clay with Sand UL 150 254 44, 1q T4 18.1 s 28] PO 181
Ledin Clay cL 196 Case 83 174 oe ao 02 [ 2m] PO8
Sarwly Lean Clay cL 18l o7, 133 74 85’ 27 668 2.78] PO 181
Layn Clay cL 201 364 8.9 191 oc, 08 X 2.78] PO 181
Lesn Clay cL FLY] 3.2 78 151 0.0! el el 278 BO e
Sandy Lean Clay with Gravel (V) NT 137 NT NT. N1 Nt NT NT NTL RO 181
Hgation, Gevtechnical Laboratory Dala Report, Aprll 12, 1996 by SAIC Golder, CU, PARSING Prujoct Order 161
- o428/96
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Table 3-3 - Summary of Unit Weight and Percent: Saturation, Undisturbed Specimens

4106|5T

T206T 477335 | 8T
[ 12088 4132487
L R R E 1207 wWsjomy T SirmWied Giacial Daposita |

2064 FElL} 21E] 240[Dark Grayish Bown | Stratied Giacial Deposia

@ 178

80

] 1357 | ST ()

[~ "12067 41134587 115
411345C
Notes:
1. On-Sitw Localion: OU-4, Sios 1-3
2, Sample Typs: sT Shelby Tube Sampla (ASTM D 1587)
3. Test Type: CON,  Conuclidation with ma readings, (ASTM [ 2435), specimen at aaturaiad condllions
cu Triaxial Shear, Consolidated, Undrined wih Pore Prassure Moasursments {(ASTM D 4767}

4. Deta Souwrce: PO 161 Sio & Design 2 Lab aaunspon mlumws.\lcaddmcoPMmNSPmomnaL
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3.3 Compaction Characteristics

Tabie 3-4 summarizes the results of Standard Proctor compaction tests performed on bulk samples of
auger cuttings. Appendix D contains the compaction curves.

3.4 Consolidation Parameters

Table 3-5 summarizes the results of consolidation tests performed on undisturbed soil samples The

enngolidation narameters (¢ ¢ ¢ and OCRY came from PARCNANS’ avaliati

ation parameters {c_ ¢, ¢, and OCR) come from PARSONS’ avalyatios

data from the Silo Superstructure Geotechnical Design Investigation, Geotechnical Laboratory Data
Report (SAIC 1996). Taylor’s Square Root of Time Method was used to estimate the time rate of
consolidation parameters. These consolidation parameters are used by design engineers to evaluate
potential settlement of structures resulting from consolidation of underlying cohesive soils.

3.5 Strength Parameters

Table 3-6 summarizes the strength parameters from evaluation of consolidated, undrained triaxial
compression test results. Appendix E contain the Mohr circle strength envelopes PARSONS constructed
to establish the strength parameters (cohesion and friction angle). These strength parameters are used
by design engineers to estimate the bearing capacity of soiis.
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Table 3-4 - Summary of Index Properties and Standard Proctor Compaction Tests of Bulk Samples

[ On.Sie | Boring | Sample | Bottom General uscs USES Plasticly | “Giraln Size .
Location No. No. Depth Steatum Group Name Intiex Graval Clay {.002mm)] Gravity
. Jd — —e0__| &%k
505 T 2060 411310 . 8|l ___e273
Silo 2063 411325 Bulk n4 70
Sk 2085 411385 100 fled Glacia) Deponita 108 14
Slio 2066] 411385 _10.0| Stratled Giacial Deposke_ 175 0.8
Nolos:
1. On-Site Location;
2. Sampls Typs:
3. Gompaction Mathod: Standand Siandand Proctor Compactive Effort (ASTM D 698)
4. Data Sowrce: PO 161 Silo Sup Design i Lo wcal L ¥ Data Report, April 12, 1896 by SAIC Golden, CO, PARSONS Project Order 181
FUSERTRDOAEFOTS L ABMOGE WIS
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Table 3-5 - Summary of Consolidation Tests, Undisturbed Specimens

12081 411333
12081[_ 471338
s
[ ) W S )
8o L] 11
[} 1] 1

Coscaiol Contsbistgi |67~
Squan inciminvle, @198

1. On-8he Locttion: QU K85 Shoa 1 -3

2 Semple Type 8T Shelby Tube Sample (ASTM D 1587)
1 TestTypx COMs  Consoldaion wih e ediogs, ASTM 0 2435,

4. Dats Souroe: PO 181 o

Laboraiony Dets Report, April 12, 1998 by SAIC Gokden, OO, PARSONS Project Order 181.
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Table 3-6 - Summary of Mohr Circle Constructions from Consolidated,
Undrained Triaxial Compression Tests, Undisturbed Specimens
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“"On-Sie | Boring | Sample | Sample ™" " Color TGeneral T | TTUSES 7T USCS | Test ~_Effeciive Total Dala.
Location No. {from field log) Stratum Group Name Group Type | Cohesion| Friction Angle | Cohesion | Friction Angle| Source
Moo - Symbol | | {psf)__ id_ggrej»l, |__{psfh | _ (degrees)
Sdo 1 Yellowish Brown  |IFill =~ _ Sandy Sty Clay [T o cu 300 400 23 161 |
Silo1 | 411308 |8 5 y. Gray Tl [Sandy Silty Clay lel-me cu . [1] 34 0 27] PO 161
Silo1 | 411333 0| Yellowish Brown _~ [iocess Lean Clay JCL Cu 130 34 80 32 PO 181
§|Io 1 411335 Yellowish Brown S!rattﬁed Glaclal Deposits || Sandy Sit ML [7) 170 36 200 32§ PO 161
Silo 2 411322 C 6.0/ Oi Lean Clay CL Ccu 360 27 500 18] PO 161
Siio 2 411324 3.0 10.5 Sitty Clay with Sand CL-ML cuU 170 35 0 32] PO 181
Silo 2 411327 8T 12.0 14.5(| Gray s _[Lean Clay cL Cu Q 32 210 22| PO 181
Silo 3 6 411372 8T 21.5 24.0( Dark Grayish Brown | Stratified Glacial Daposns Lean Clay with Sand CcL cu 60 31 220 23} PO 161
Silo3 12065|___411383(8T 6.0 8.0(|Light Olive Brown | Stratified Glaciai Deposits_ || Lean Ciay CL Ccu 180 32 290 23] PO 181
Silo 3 12086 411357 5T 11.5 14.0/ Olive Brown Siratified Glacial Deposits_||Lean Clay with Sand _|CL cu 330 27 570 16) PO 161
Silo 3 12067|__ 411345|ST 1.5 14,0||Dark Gray _ IBrown Tl __|Lean Clay cL cuU 230 26 400 17] PO 161
Notea:

1. On-Sita Location:  OU-4, Silos 1 -3

2. Sample Type: ST Shelby Tube Sample (ASTM D 1587)

3. Test Type: cu Triaxial Shear, Consolidated, Undrained with Pore Pressure Measurements (ASTM D 4767)

4. Data Source: PO 161 Silo Superstructure Gaotechnical Desugn lnvesugatlon. Geotechnical Laboratory Data Repon, April 12, 1996 by SAIC Golden, CO, PARSONS Project Order 161.
FUSERTAD0BS\PO 140 ABT ABVCU. WK N - T e T T = 04/26/98




SECTION 4

EVALUATION

This section summarizes the evaluation of subsurface conditions, bearing capacity, and settlement of the
proposed silo superstructure at Silos 1 and 2 based on the proposed design and geotechnical data from
the field investigation and geotechnical laboratory testing.

4.1 Proposed Foundations and Loads

Figure 4-1 schematically shows plan and elevation views of the proposed superstructures at Silos 1 and
2. Reinforced concrete mat foundations (32 feet by 22 feet) are proposed for superstructure foundations
at the four locations shown in Figure 4-1. The design of each foundation is a flat mat with four pedestals
which support the columns of the superstructure. A 3-foot shear key below the concrete mat has also
been included in the design. The base of the concrete mat is planned at elevation 576.5 feet mean sea
level. Below the base of the concrete mat a granular base of compacted gravel will extend to natural
soils. Based on design calculations by PARSONS’ Structural Engineering Group, the maximum
downward vertical design load for each foundation due to superstructure loads is 541 kips, and the
maximum horizontal load is 337 kips ("kick-out" loads).

4.2 Subsurface Conditions

Subsurface materials in the vicinity of the OU-4 silos generally can be placed into five major categories:

1) Fill

2) Loess

3) Stratified glacial deposits
4) Gray till

5 Great Miami Aquifer (GMA)

Although all of these materials are relatively common throughout the FEMP site, it is typical to find some
combination of these materials at any particular location, and not necessarily a complete section of each
at all specific drilled locations. For purposes of this evaluation, the following general descriptions
broadly address each of the five general material types. After the general descriptions, a general
discussion focuses on the various types and combinations of materials encountered during the
investigation of the silos for the purpose of evaluating foundation conditions for the proposed
superstructure being designed to span them.
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parens ( ) indicate visual classification

Figure 4-2 - Generalized Subsurface Conditions at Silo 1 Foundation Locations
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Figure 4-3 - Generalized Subsurface Conditions at Silo 2 Foundation Locations
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4.21 Generalized Material Type Description Di i

The foliowing are general descriptions of the types of soil materials that were encountered at OU -4 during

the field investigation.

Understandably, fill materials consist principally of mixtures of the other material types (with the
exception of the GMA) found across the FEMP site. These mixtures are typically clayey and moist, and
have a wide range of consistencies and thicknesses.

2) Loess

Loess deposits consist primarily of lean clay (CL). These materials are typically stiff to very stiff, and
moist. They are massive in the sense that they are not stratified, and are commmonly yeliowish brown.

b B Y Docntidnnd fMlaninl TawmAanita
J) :!H ﬂll!m s!l&lg! UCHSZ)IB
Stratified glacial deposits consist of mottled mixtures of brown till and gray till deposits, as well as

localized areas and zones of well-sorted materials of various depositional origin and composition. These
deposits are typically higher in silt and sand content than other glacial deposits at the site, and seem to
be less gravelly. Stratified glacial deposits exhibit a wide range of consistencies, densities, and moisture
contents: from soft to stiff, loose to very dense, and moist to wet. Typically, however, the materials are
stiff, dense, and moist. They also display localized clear stratification, as well as zones of mottled
coloration, mainly mixtures of brown and gray.

4) ray Till

throughout. Sand, silty sand, or clayey sand lenses with scattered gravel are present locally. Typically,
the till is very stiff to locally hard, and moist

5) Great Miami Aquifer

The GMA consists of sand/gravel mixtures that are typically dense to hard. The upper portion ¢
stratum lies in the vadose zone and is typically dry.
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Discussion

Subsurface materials investigated and sampled generally consist of varying mixtures of fine-grained and

coarse-grained soils typical o

till and glacio-fluvial deposits. Fine-grained soils within the tiil are
predominantly lean clay, with sand contents ranging between values that result in the materials being

clascified as sandy lean clav or lean clay with gand: sand contents generally increase with de

TSRS ITT £ 3200 g} =5 iaa s I8y Y iea SRacis Siasatne warsazihesa Pynraiies dasiy L% 5 bt ¥ dada

Consistency (firmness or stiffness) of the lean clay generally increases with depth ranging from stiff to
very stiff, and hard; plasticity tends to decrease with depth. It should be noted that layers of
coarse-grained materials were encountered in borings and locally displayed perched water conditions.
The coarse-grained materials range from poorly graded to well-graded sand with scattered gravel, and
are typically dense.

Locally, there are areas of stratified glacial deposits composed of fine-grained materials that have been
deposited in thinly laminated to massive, alternating layers ranging in thickness from fractions of an inch
to a few feet. These materials are predominantiy siits and ciays with sand/siit mixtures as interbeds.
Where these alternating materials were observed, saturation was common and the soils displayed

relatively high in-place consistencies and densities as measured by the pocket penetrometer, laboratory
testing, and standard penetration test. Typically, underlying these stratified materials are deposits of till

In the area of the silos however, the brown till is commonly absent based on visual boring logs. In some
areas, stratified glacial deposits lie directly on the gray till which is underlain in turn by the coarse-
grained deposits of the GMA. Boring 12064 at the southwest corner of Silo 3 is the only boring installed
for the purpose of this investigation that penetrated into the GMA.

4.2.2 0QU-4 Generalized Conditions

Interpretation of subsurface conditions in the vicinity of the silos has been developed based on evaluation
of visual logs and laboratory results from boring numbers 1616, 1617, and 12061 for Silo 1, 12062 and
12063 for Siio 2, and 12064 through 12067 for Silo 3. Figure Z-1 shows the iocations of these borings,

and Figure 2-2 shows the locations where water level readmgs were taken. Flgure 4-2 generallzes the
..d: T l.. nnnnnnn A Cila 1 s wn FrrimAdaes

conditions at wic proposea Sud 1 supersia ructure foundation

generalized conditions at the proposed locations of the Silo 2 superstructure foundations.
ifos 1 and 2

Angle boring 1617 lies about 100 feet northwest of the proposed west footing for Silo 1. Materials
encountered included 1 foot of fill underlain by 2 feet of loess. That in turn was underlain by crudely
stratified glacial deposits to the total depth of 7.2 feet. Perched water levels in the immediate vicinity
of Boring 1617 are below the depth drilled.
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Angle Boring 1616 is located about 100 feet south of the proposed west footing for Silo 1. Materials
encountered consisted of 8 feet of stratified glacial deposits underlain by 3 feet of sand. The sand was
loose to medium dense, and saturated. The perched water level in boring 1616 was measured at the top
of the saturated sand at elevation 563 feet. Below the sand to the total depth of 20.1 feet was gray tiil.

e Lm - oo b
i nvic udi

‘iiug

i d i for
2 feet of fill underlain by 7 feet of loess. The loess was stiff to very stiff, and moist. Below th
!

- It 1 men to mle..s
% N ILU Sy CTLE 1> avuvul

loess

o UL 8 B 41,

e
its congisting from top to hottom of lean clay with sand, silty sand, and
gravelly, sandy clay. These materials were firm to stiff, loose to medium dense, and wet. The perched
water level was measured at the top of the lean clay with sand, at an elevation of 570 feet. Boring 12061

was drilled to a depth of 17 feet.

Elevation of the GMA ranged from about 549 to 547 feet in the vicinity of Silos 1 and 2. These
elevations were determined by evaluation of nearby well logs. The water elevation in the GMA at QU4
is approximately 522 feet.

The proposed footing elevation for the superstructures being designed to span Silos 1 and 2 is 576.
Because of the elevation differential across the planed spans, gravel may be required to make

[ -]
E- |
‘O

Along the east side, the proposed footing elevation will be within t

in toward the north and west, with only 2 feet of it observed in Boring
616, whereas in Boring 12061 the loess was 7 feet thick.

1617 and none ohserved in | h
Standard Penetration Test N values in the loess ranged from 21 to 34 (see Figure 4-2). At the base of
and below the loess, the Standard Penetration Values were 6 and 11, respectively. Pocket penetrometer
unconfined compressive strength values in the loess deposit ranged from 1.75 tons per square foot to 3.75
ton per square foot, whereas below the loess, pocket penetrometer values dropped to between less than

1, to 1.75 tons per square foot.

Boring 12062 in the area of the west footing of Silo 2 encountered a foot of fill underlain by 14 feet of
stratified giacial deposits which are underiain in turn by gray tili. The fiil materiais consist of gravel road
base. The stratified glacial deposits are composed of layers of sandy clay, lean clay with sand, gravelly

[P i ri i
clay, and silty sand. The clayey materials extend to about elevation 566 feet

and moist. Below the clayey deposits is a 7-foot-thick layer of silty sand that is typically medium dense,

5 extend to about elevation 56 and are very stiff to hard,

and wet. Underlying the silty sand is a gray till deposit of sandy silt that is stiff, and wet. Boring 12062
extended 1 foot into the gray till to a total depth of 17 feet.

Along the east side of Silo 2, the proposed footing elevation of 576.5 feet will result in being founded
in stratified glacial deposits. The west side of Silo 2, similar to Silo I, will probably require gravei to
raise the grade. At Boring 12603 on the east side of Silo 2, the stratified glacial deposits consisted of
lean clay that is stiff to very stiff, and moist. The clay extends from about elevation 578 feet to the depth
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drilled (16.5 feet) with a firm, moist to wet silt interbed between elevations 569 and 572 feet. The
bottom 2 feet of the boring encountered a gravely sand, that is very dense and wet.

Standard Penetration Test N values in the clayey deposits ranged from 28 to 37. Pocket penetrometer
values in the clayey materials ranged from 0.5 to 4.0 tons per square foot (see Figure 4-3).

Silo 3

Boring 12064 was drilled adjacent to and southwest of Silo 3, and Boring 12065 was drilled adjacent to
and southeast of Silo 3 (See Figure 2-1). Borings 12066 and 12067 were drilled just northwest and
northeast respectively of Silo 3.

Materials encountered in 12064 consisted of crudely stratified deposits with layers of gravelly clay, lean
clay, silty sand, sandy clay, and sand. The predominant material is lean clay, which is stiff to very stiff
and moist, and is present between elevations 568 and 575 feet. Below an elevation of approximately 569
feet, the lean clay becomes wet. A layer of silty sand is present between elevation 564 and 568 feet that
is medium dense and wet. Below about eievation 564 feet are aiternating deposits 1 to 2 feet thick of
sandy clay, and sand, down to about elevation 557 feet. The sandy clay is stiff to very stiff, and moist
to wet. The sand is medium dense and wet. B
of stiff, moist to wet sandy clay.

The clayey materials exhibit Standard Penetration N Values ranging between 16 and 53. Pocket
penetrometer values on the same materials range between 1.0 tons per square foot and greater than 4.5

tons per square foot.

Boring 12064 was advanced about 3 feet into the GMA which was a very dense, moist sand at that
location. The total depth of boring 12064 was 34.5 feet.

Boring 12065 was composed predominantly of lean clay and lean clay with sand that was firm to suff,
and moist. Two interbeds, one a silty sand, the other a fat clay, were each about 2 feet thick and were
present between elevations 564 and 568 feet. The silty sand was dense and moist and the clay was firm

Standard Penetration N Values ranged between 13 and 24. One standard penetration value at 1 foot in

depth yielded a value of 49, but that was probably due to the ground being frozen at the time of testing.
Pocket penetrometer values for the clayey materials ranged between 1.0 and 4.5 tons per square foot.

Materials encountered in Boring 12066 consisted primarily of lean clay that was firm to stiff and moist.
These clayey deposits were present between elevations 576 and 562 feet. The lean clay exhibited a
common characteristic of stratified glacial deposits, with localized, thin 1/16-inch interbeds or iaminae
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of fine sand. These locally stratified glacial deposits were underlain by a gravelly clay member of the
gray till. The gravelly clay was firm to stiff, and moist.

Standard Penetration Test N vaiues in the fean clay ranged between 10 and 23, and pocket penetrometer
values ranged between 0.5 (at about elevation 560 to 562 feet) to 4.5 tons per square foot between
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Bnripo' 12067 encountered ceveral feet of stratifted

Similar to the ather three hnrlnoq aronnd Sil

g
glacial deposits underlain by gray till. The stratlﬁed glacial deposits consisted predominantly of lean clay
from elevation 576 feet down to elevation 568 feet. The lean clay was typically stiff to very stiff and
moist, with localized 1- to 2-inch stringers of silt. Below the lean clay was a fat clay about 5 feet in
thickness and exhibiting consistencies from soft to stiff. The fat clay was moist. About 6 inches of sandy
gravel was at the base of the fat clay, and rested atop a sandy clay with gravel that is a member of the
gray till.

Standard Penetration Test N Values in the stratified glacial deposits ranged between 16 and 32, and

pocket penetrometer vaiues ranged between less than 0.5 at eievation 563 feet to 4.0 tons per square foot
at elevation 572 feet. Total depth of the boring was 19.5 feet.

Water levels were measured in the borings around Silo 3 immediately after drilling and yielded the

following results shown in Table 4-1.

Table 4-1 - Water Levels at Silo 3 Immediately After Drilling

B Boring Number Ground Eievation Depii to Waier (fi)
12064 577.1 1.0
12065 577.6 3.0
12066 577.4 9.0
12067 577.8 3.0
4.3 Bearing Capacity

Calculations using the Vesic general bearing capacity model (ASCE 1993) were performed to provide an
estimate of the general bearing capacity of the underlying soils in the vicinity of Silos 1 and 2. From
the calculations, allowable bearing capacity of the soils underlying the four proposed mat foundations at
Silos 1 and 2 is 2,900 pounds per square foot (psf). This estimated bearing capacity corresponds to a
Factor of Safety (FOS) of about 3.1. The recommend FOS in Bearing Capacity of Soils (ASCE 1993)
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1993 for mat foundations is "> 3." This bearing capacity estimate assumed a |-foot gravel base beneath
the mat foundations, and considered the effects of the slope towards Paddys Run to the west of OU-4,

A bearing capacity estimate for the foundations on the east side of Silos 1 and 2 only resulted in an
allowable bearing capacity of about 3,700 psf, assuming that the foundation bears on natural soil without

Lo o coa milan oo s P
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Based on eight consolidation tests performed in the geotechnical laboratory, calculations were performed
to estimate the total and differential consolidation settlement of the individual superstructure foundations
for Silos 1 and 2. Table 4-2 summarizes the estimated settlement for the proposed structures. These
estimates assume that a compacted base bears on the natural soil beneath the foundations, and does not
bear on fill. In general, the stratified glacial deposits unit provides the greatest contribution to the total
settlement. Assuming double drainage conditions, it is estimated that 95 percent of the total settlement
will occur within about 3 months to a year following construction.

Table 4-2 - Estimate of Total and Differential Settlement for Silos 1 and 2 Superstructure Foundations

Silo Side Total Settlement Differential
{in) Settlement
(in)
1 West 0.7 0.2
East 0.5
2 West 0.8 0
East 0.3
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SECTION 5

This section summarizes conclusions and recommendations with respect to the proposed Silos 1 and 2

foundations.

1)

2)

3)

4)

Based on the proposed bottom of concrete foundation elevations at 576.5 feet, the foundations
will bear within natural soils at the east side of Silos 1 and 2, and will bear within fill at the west
side of the silos. Thus, an approximately 2- to 3-foot, well-graded gravel base may be necessary
at the west side to reach the estimated elevation of natural scils suitable as bearing soils. (It
should be noted that the fill/natural soil elevation at the proposed foundation locations at the west
side of Silos 1 and 2 is less certain than at the east side since the elevations were estimated by
___________ s £ P T S S S S TR S J

prUJt:uing Uunuga offset from the foundation locations.) A we -grduuu gravei base Should be

considered at the east foundations as a means of replacing soft natural soils, if encountered during

construction. Additionally, the gravel base (about 6 to 12 inches thick) should also be placed
under the foundations to provide frictional resistance to lateral design loads if design calculations
require the material in contact with concrete foundation -base to have an undrained friction angle

(phi) of greater than 16 degrees and a cohesion of at least 500 psf.

The depth of excavation into natural soil beneath the foundations should be kept to the minimum
depth required for the design to minimize encountering locally perched zones of groundwater
within the stratified glacial deposits. Soils with suitable bearing capacity are anticipated at
elevations immediately below the fill.

Total and differential settlements of the structure do not appear to be excessive, considering
1ypu,.u allowable ioial seitlements

y
structures is 1 inch, and a typical allowable "dlfferentlallspan length" ratio is 1/500 where the
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wvement within span length, The d.es;gner should evaluate the

acceptability of the estimated settlements with respect to requirements/tolerances associated with

the proposed design.

This (Phase 1) geotechnical design investigation was initially designed to be conducted in two

phases. This report contains Phase I data. Phase 2 planned for four additional test borings

located approximately midway up the proposed berms. Access to the these locations was not

available for the Phase 1 Investigation. The general purpose of this second phase was to (1)
¢ the depth of the fill and strength of natural soils beneath the footings, and (2) provide
gth r evaiuation of berm siope stability at design siope angies.
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Phase 2 of this investigation has been placed on hoid, however, based on the revised

superstructure design and data collected during the Phase 1 Investigation, the following activities

for the Phase 2 [nvestigation are recommended:

(1) Investigate depth of fill at proposed foundation locations at the west side of Silos | and
2 and classify the underlying natural soils. This could be accomplished with shallow

borings/probes at the proposed iocations. Sampies of the underiying natwurai soiis within

(2) Obtain undisturbed samples of existing berm soils for classification and strength tests.
The strength and unit weight measurements from these tests provide data to evaluate the
stability of the proposed 2H:1V berm slopes. This could be accomplished by collecting
thin-wall tube samples of berm soils at two shallow boring locations within the Silos 1
and 2 berm.

The general purpose of this Phase 2 Investigation is the same as initially planned; however, based on the
present proposed foundation locations, the depth of the borings within the silos” berm will be more
shallow.
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(ASTM 1995)

(FERMCO 1996)

(SAIC 1996)

SECTION 6

REFERENCES

American Society of Civil Engineers, 1993. Bearing Capacitv of Soils,
Technical Engineering and Design Guides as Adapted from the U.S.
Army Corps of Engineers, No. 7. New York: ASCE.

American Society for Testing and Materials, 1995. Annual Book of Standards,
Volume 4.08, Soil and Rock. Philadelphia: ASTM.

Fernald Environmental Restoration Management Corporation, January 1996.
Project-Specific Plan for Silo Superstructure Design Investigation, Phase
i, RI/FS WBS Number 40.03.i0, Revision 0. Fernaid, Ohio:

FERMCO.

Science Applications International Corporation, April 12, 1996.  Silo
Superstructure  Geotechnical Design Investigation, Geotechnical
Laboratory Data Report. Golden, Colorado: SAIC.

ERAFSI\WWOL1:RSAPPS\RSDATA\

OU-4\PO-161\85-GEQ

6-1 5/6:96, 2:37pm, Rev. No.: 0



APPENDIX A

COORDINATES
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PO 161 Test Boring Locations at OU4

Boring Point Northing | Easting | Elevation | Deptn
1D Number | (NAD83) | (NAD83) | (ft MSL) (ft)

12060 BH—1 480431 1346871 5721 17.0
12061 BH-4 480430 1347132 578.9 17.0
12062 BH-5A 480553 1346867 575.2 17.0
12063 BH-8 480553] 1347132 580.3 16.5
12064 BH-9 480719] 1346887 577.1 34.5
12065 BH-10 480715 1347061 5776 2.0
12066 BH-11 480796 1346987 577.4 20.0
12067 BH-12 480796 1347060 577.8 19.5
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APPENDIX B

BORING LOGS
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PO-161 FIELD BORING LOGS
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*SAMPLES COLLECTED PER ASTM STANDARD PENETRATION TEST.
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CONTROL NO: LITHOLOGIC LOG Page /, ‘ol /
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COMTROL NO:
_____| LITHOLOGIC LOG Page /[ o _/
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T .S Yy L & Loor; [ 7O/, pAudce T i od 0
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CONTROL NO:
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AP e hs [-s5 9C
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Aeyping & Vo iz L s o] S £D rlaelis
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FERMALD RI/FS

PRCOJECT NUMBER: 602 3.7 PROJECT NAME: FMPC RI/FS
BORING NUMBER: 1616 COORDINATES: NORTH 680,449.31 EAST 1,378,315.91| DATE: 06/08/M '
GROUND ELEVATION: 571.0 GWL: Depth N/A Date/Time N/A OATE STARTED: 046/08/91
ENGINEER/GEOLOGIST: GM, XM Depth N/A Date/Time N/A DATE COMPLETED: 07/02/91 |
ORILLING METHOOS: HORIZONTAL DRILL MACHINE WITH 8 1/6 INCH PAGE 1 OF 3
o] s B R S
£ A DT L s E L vy T
P M A 0 A cCN S M S REMARKS
T P T W W mnjocC cs F
H L E E S P VH SO
€ L|EE L
0O E[ RS
N Y
64011 KARD OLIVE BRCWN (2.5Y, &/4) SANDY CLAY WITH SOME RCOT CcL >4 . SjHnu= 0 pern
04/08/91 &, FRAGMENTS, DRY. a = 400 cpm
14600 HARD OLIVE BROWN (2.5?, 4/4) SANDY CLAY WITH TRACE COARSE cL >6.518T = 0 cpm
b GRAVEL, ORY.
64012 NO RECOVERY.
06/08/91 a -
8 1700
54013 DARK YELLOWISH SROMN (10YR, 4/4) VERY STIFF SANDY CLAY WITH cL 2.5 |Hru= 2 pcm|
06/11/91 4. GRAVEL, TRACE ORGANIC MATTER, DAMP, LOW PLASTICITY, a = 200 cpm
13 1730 8r =0 cpm
54014 NO RECOVERY. -
06/12/9 0
18 1723
64015 DARK YELLOWJSHM BROWN (10YR, 474} STIFF SANDY CLAY WITH GRAVEL, cL 1.25{Hmus .2 pom
06/146/91 4, DAMP, MEDIUM PLASTICITY. a = 280
0925 LIGHT OLIVE BROUWN (2.5Y, S/4) MEDIUM DENSE CLAYEY SAND WITH A sC 1.2508T = 0
LITTLE GRAVEL, MOIST.
23 VERY STIFF CLAYTEY SILT WITH PALE YELLOW (2.5Y, 7/3) MOQTTLLNG. ML 1.25 ]
64016 PALE TELLOW (SY, 7/3) 10 OLIVE (5Y, 5/4) MOTTLED VERY STIFF ML 2.0 |Hnu= .2 pcml
06/14/91 5. CLAYEY SILT WITH TRACE GRAVEL, DAMP, NON PLASTIC, MOIST. a =280 com
28 1730 AC 20 cpm
54017 PALE YELLOMW (2.5Y, 7/3) TO LIGHT YELLOWISH BROWN (2.3Y, 6/4) ML 2.5 [#nu= 1 =]
04/15/91 S. MOTTLED VERY STIFF CLAYEY SILT, DAMP, NON PLASTIC. a = 2680 cpm
1030 DARK YELLOWISH BROWN (10YR, 4/4) SOFT SANDY CLAY, MOIST, LOW cL 2.5 |AT =0 cpm
33 PLASTICITY.
54018 DARK YELLOWISH BROWN (10YR, &4/4) MEDIUM DENSE CLAYEY SAND, sC NA |[Hnu= .1 pem
06/15/91 5. MOTST, a = 260 cpm
38 1220 BT = 0 cpm
64019 DARK YELLOWISH BROWN (10YR, 4/4) MEDIUM DENSE CLAYEY SAND WITH sC NA 1Hmu= .1 ppm;
04/15/91 [ A LITTLE LIGHT GRAY (SY, 7/1) MOTTLING, MOIST. a = 260 com
43 1355 =0 com
64020 |
64021 DARK YELLOWISH BROWN (10YR, &4/4) MEDIUM DENSE SAND MWITH A sc NA [Hru= .1 pom |
06/19/91 5. LITTLE TO TRACE CLAY, SATURATED. a = 250 comi
L2 1710 gr =0 com:
64023 YELLCWISH BROWN (1QYR, 5/4) LOOSE SAND WITH A LITTLE GRAVEL ‘ SC l NA [Hnu= .} com!
046/21/91 3. AN TRACE FOSSILS, SATURATED. a =250 cpnf
53 1640 gr =40 caml

NOTES:
BORINGS SAMPLES CONTINUOUS USING A 5.0 SAMPLER. BORING ANGLE CHECXED EVERY 2 FT. USING A SLOPE INDICATOR.

SAMPLES COMPARED TO MUNSELL COLOR CHART.
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SQILS

* GEQTECHNICAL SAMPLES

BORINGS SAMPLED COWTINUOUS USING A 5.0 SAMPLER.
WATER ENTERED THE SAMPLE FROM A LAYER ABOVE.
THE 80TTOM HALF TEWKITE TUBE SPLIT DOWK THE MIDOLE.
LIMESTONE SHEET WITHQUT THE SPLIT BARREL SAMPLER.
SAMPLES COMPARED TO MUNSELL COLOR CHART.

BORING ANGLE CHECKED EVERY 2 FT. USING A SLOPE [NDICATOR.

PROJECT NUMBER: &82 3.7 PROJECT NAME: FMPC RI/FS
BOR ING NUMBER: 1616 COORD INATES: NORTH 480,469.31 EAST 1,378,315.91| DATE: 06/08/91
GROUND ELEVATION: 571.0 GWl: Depth N/A _Da:efTime H/A DATE STARTED: 06/08/91
ENGINEZR/GEDLOGIST: GM, XM Depth N/A Oate/Time  N/A DATE COMPLETED: 07/02/91
DRILLING METHCDS: HORIZONTAL DRILL MACHINE WITH 8 1/4 [NCH PAGE 2 QF 3 ]
0 S B R S
E A DT L § E ur T
P M A | 0O A CN S M S REMARXS
T P T M "I . | oc [+ F
H L EE|S P{VH SO
E L]|EE L
g E|RS
N Y
64024 LIGHT OLIVE BROWN (2.5Y, SM) MEDIUM DENSE SAND WITH A LITTLE sC NA [Hnu= 1 ppm
06/22/91 3. GRAVEL, SATURATED. a =250 cpm
58 0915 AT = ¢ cpm
64025 BROWN (10YR, 5/3) MEDIUM DENSE SAND WITH A LITTLE FINE GRAVEL sC NA |Hru= 1 == ]
06/22/N 4 AND CLAY, SATURATED. a =250 cpm
63 1130 OLIVE GRAY (5Y, 5/2) STIFF CLAY, WET, LOMW PLASTICITY. cL NA [T = 0 com
84026 LIGHT OLIVE BROWN (2.5Y, 5/4) LOOSE SAND, SATURATED. sC NA (Hru= .1 ppm
06/26/91 S. INTERBEDDED LAYERS QF GRAY (5Y, 5/1) STIFF CLAY WITH TRACE sC NA ja = 250 cpm
68 1000 GRAVEL, MOIST, LOW PLASTICITY, AND LIGHT OLIVE BROWM (2.53Y, S/ gr =0 cpm
64027 GRAY (5Y, 5/1) DENSE GRAVEL, SAND AND CLAY MIXTURE, WET. GC NA [Hnus |1 pemn
06/26/N 5. a =250 cpm
73 1415 AT =0 cpm
54028 GRAY (5Y, 5/1) DENSE GRAVEL, SAND AND CLAY MIXTURE, WET. GC NA |Wru= 0 ppm
06/25/9 S. GRAY (SY, 5/1) STIFF CLAY WITH TRACE GRAVEL AND SAND MOLIST,® cL NA |a = 280 cpm
1425 LOW PLASTICITY. BT =0 cpm
GRAY (5Y, 5/1) STIFF SANDY CLAY WITH A LITTLE GRAVEL, DAMP, NO cL KA
78 PLASTICITY.
66029 GRAY (5Y, 5/1) STIFF SANDY CLAY WITH A LITTLE GRAVEL, MOIST, <L 2.0 |Hnu= 0 pem
06/25/91 9. LOW PLASTICITY. a = 280 <pm
14650 GRAY (SY, 5/1%) MEDIUM STIFF CLAY WITH SAND AND GRAVEL, MOIST, cL 2.0 (AT =0 cgmi
a3 LOW PLASTICITY.
64030
64031 GRAT (5Y, 5/1) MEDIUM STIFF CLAY WITH TRACE SAND & GRAVEL Hou= 0 pem
06/26/91 DAMP, MED PLASTICITY. a =280 cpw
a4 0835 fr =4 cprn
64032
64033 GRAY (5Y. S/1) MEDIUM STIFF CLAY WITH A LITTLE SAND AND CL 1.0 [Hou= .1 ppm
06/26/91 5. GRAVEL, MOIST, HWIGH PLASTICITY. a = 300 cpm
89.2 1600 fr =0 cpm
64034 GRAY .(5Y. S/1) MEDIUM STIFF CLAY WITH A LITTLE SAND AND CcL 1.0 jHny= .1 pp'l'l'
06/26/91 5. GRAVEL, MOIST, HIGH PLASTICITY, a = 300 com
90 14600 g€ =0 com|
646036 GRAY ¢SY. S/1) MEDIUM STIFF CLAY WITH A LITTLE SAND AND CcL 1.0 {Hnu= .1 pﬂ'nl
04/726/91 S. GRAVEL, MOIST, HIGH PLASTICITY. a = 300 com|
93 1600 Ar =0 eomy
64037 GRAY (S5Y, 5/1) MEDIUM STIFF CLAY WI[TH A LITTLE SAND AND cL 1.0 |Hou= 7 somi
06/27/91 5. GRAVEL, MOIST, HIGH PLASTICITY. a = 300 cami
98 0920 gr =0 comi
NOTES:

|
THE AUGERS WERE WUSED TO DRILL THIS FIVE FOOT INTERVAL THROUGH THE i
1
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FERNALD RI/FS VISUAL CLASSIFICATION OF SOILS

BORINGS SAMPLED CONTINUOUS USING A 5.0 SAMPLER. BORING ANGLE CHECKED EVERY 2 FT. USING A SLOPE INDICATOR.

WATER ENTERED THE SAMPLE FROM A LAYER ABOVE.

THE BOTTOM HALF TENNITE TUBE SPLIT DOWN THE MIDOLE. THE AUGERS WERE USED TC DRILL THIS FIVE FOOT [(NTERVAL THROUGH THE

LIMESTONE SHEET MITHOUT THE SPLIT BARREL SAMPLER.
SAMPLES COMPARED TO MUNSELL COLOR CHART.
* GEOTECHNICAL SAMPLES

PROJECT NUMBER: 4602 3.7 PROJECT NAME: FMPC RI/FS
BCRING NUMBER: 1616 COORDINATES: NORTH 480,4469.31 EAST 1,378,315.91} DATE: 06/08/91
GROUND ELEVATION: 571.0 GWL: Depth N/A Date/Time N/A OATE STARTED:  Q6/08/91
ENGINEZR/GEOLOGIST: GM, KM Depth N/A Date/Time N/A | DATE COMPLETED: 07/02/91 I
ORILLING METHODS: HORIZCNTAL ORILL MACHINE WITH 8 1/4 INCH l PAGE 3 oF 3 !
0 5 8 R 5
E A D TH{L SLETL u r
P M A 1 ]J]Q A}CN M S REMARKS
T P T MW mloc CB F
H L E E|S P|VH sa
£ LIEE t
C E|RS
] Y
6038 GRAY (5Y, S/1) STIFF CLAY WITH A LITTLE SAND AND TRACE GRAVEL, cL 1.25{Hnu= 1 pEm
06/27/91 5. MOIST, HIGH PLASTICITY, a = 300 cpm
103 1700 AC =10 cpm
646039
64040 GRAY (SY, 5/1) STIFF CLAY WITH A LITTLE SAND AND TRACE GRAVEL, CL 1.25|Hnu= & pem
04/28/M 5. MOIST, HIGH PLASTICITY. a = 1000 cpm
104.- 1000 fr =20 cpm
64046 |
64045 GRAY (SY, 5/1) STIFF CLAY WITH A LITTLE SAND AND TRACE GRAVEL, CL 1.25 |Hu= .6 prm|
06/28/M 5. MOIST, HIGH PLASTICITY. « = 1000 cpm
105. 1000 gr =0 cpm
64041
64042 GRAY (SY, 5/1) STIFF CLAY WITH A LITTLE SAND ANO TRACE GRAVEL, CcL 1.25({Hnu= .6 pem
06728791 5. MOIST, KRIGH PLASTICITY. a = 1000 cpm
106. 1000 Ar =0 cpm
64043* GRAY (5Y, 5/1) STIFF CLAY WITH A LITTLE SAND AND TRACE GRAVEL, cL 1.25|Hnu= .6 r
06/28/91 S. MOIST, HIGH PLASTICITY. a = 1000
107 | 1000 ar =0 iy
64049 GRAY (SY, 5/1) STIFF CLAY WITH SAND AND GRAVEL, MOIST, MIGH L 1.5 {Hnus .3 pan1
06/29/9 5. PLASTICITY. a = 1000 cpm
113 1100 GRAY (S5Y, 5/1) LIMESTONE). ar =0 cpm|
64050 QLIVE GRAY (SY, 5/2) HARD CLAY WITH SAND AND GRAVEL, DRY, NON cL )G.U.Hnu= 3. Pom
a7/01/91 1. PLASTIC. e = 800 cpm
119. 2000 8T =0 cpmi
64051 OLIVE GRAY (5Y, 5/2) HARD CLAY WITH SAND AND GRAVEL, DRY, NON cL »6 0 |dnu= .3 (= =]
07/02/91 .5 PLASTIC. a = 800 cpm
120. 01585 gr =20 cpm
BOTTOM OF BORING 120.1
NOTES:
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SDILS

PROJECT NUMBER: 602 3.7 ' PROJECT NAME: FMPC RI/FS

BORING NUMBER: 1617 COORDINATES: NORTH 480,309.37 EAST 1,372,393.37] DATE: 05/04/91 |
GROUND ELEVATION: 576.2 GWL: Depth  N/A Date/Time  N/A DATE STARTED:  04/30/91 I
ENGINEER/GEOLOGIST: GM, XM | Depth  N/A Date/Time  N/A OATE COMPLETED: 05/04/91 |

ORILLING METHCOS:

BCRINGS SAMPLED CONTINUOUS USING A 5.0 SAMPLER.
SAMPLES COMPARED TO MUNSELL COLOR CHART.
* GEQTECHNICAL SAMPLES

BORING ANGLE CHECXED EVERY 2 FTV. USING A SLOPE [NDICATCR.

KORIZCONTAL DRILL MACHINE WITH 8 1/4 INCH PAGE 1 [+ 2 |
o s ] R g |
E A DT L S EI Uy T
P M A1 0O AJCN S M s REMARKS
T P T MW M|OC cs F
N L EE|S P|VH s 0
E L|EE L
0 E|RS
N Y
56976 BRCWN (10YR, 4/3) SOFT CLAY WITH SOME ROOT FRAGMENTS, LEAVES, et | .5 {Heu= 2.0 pem
05/02/91 1. ROOT STEMS, AND WILD ONIONS, DAMP, MEDIUM PLASTICITY, a = 700 cpm
1.5 0920 AT = 0 cpm
48977 LIGHT OLIVE BROWN (2.5Y, 5/4) VERY STIFF CLAY MITH A LITTLE CcL 2.0 |Hou= 2.0 pEm
05/02/91 3. SAND, TRACE ROOT FRAGMENTS, AND FINE GRAVEL, DAMP, LOW a = 700 cpm
6.5 1025 PLASTICITY. Ar =0 cpm
46978 LIGHT OLIVE BROWN (2.5Y, 5/&) VERY STIFF CLAY WITH SOME SAND & cL 2.5 |Hnu= 2.0 pom
05/02/91 3. TRACE FINE GRAVEL, TRACE STRONG BROWN (7.SYR, 5/8) WEATHERED a = 700 cpm
11.5 1105 STAINING, DAMP, LOW PLASTICITY, OLIVE BROWN (2.5Y, &/3) STIFF AT =0 cepm
46979 DARK YELLOWISH BROWN (10YR, &4/4) STIFF CLAY, MOIST, MEDIUM cL 2.0 [Hnu= 1.0 pem
05/02/91 3. PLASTICITY. a = 800 cpm
16.5 1439 gr =0 cpm
66981
64982
66983
56984
05/02/91 YELLOWISH BROWN (10YR, 5/4) STIFF CLAY, DAMP, MEDIUM cL 2.0 [#nu= 1.0 ppm
18 1535 3. | puASTICITY, a =800 comi
&6980 YELLOWISH BROWN (10YR, S/4) STIFF CLAY, DAMP, MEDIUM cL 2.0 [Hnu= 1.0 p;xn-
05/02/91 3. PLASTICITY. a = 800 cpm
21.5 1535 fr =0 cpm
66985* YELLOWISH BROWN (10YR, 5/4) STIFF CLAY, DAMP, MEDIUM cL 2.0 |Hnu= 1.0 pq:mi
05/02/91 3. PLASTICITY. a = 800 cpm
22 1715 AT = 0 cpm
459848 YELLOWISH BROWN (10YR, 5/4) STIFF CLAY, DAMP, MEDIUM cL 2.0 |Hhu= 1.0 pﬂ'ﬂl
05/02/91 3. PLASTICITY, a = 800 com
26.5 1715 gr=0 cpm
£&6987 DARK YELLOWISH BRO'JN (10YR, &/4) VERY STIFF CLAY, DAMP, LOW CcL 2.0 |Hnu=s 1.0 pom
05702/91 4. PLASTICITY. LIGHT YELLOWISH BROWN (2.5Y, &/4) MEDIUM CLAYEY a =800 " cpm
21.5 1752 FINE SAND WITH LIGHT GRAY (10YR, 7/2) MQTTLING, DAMP, NON PLAS ar=0 cpm
66988 LIGHT OLIVE BROWN (2.5Y, 5/4) LOOSE CLAYEY SAND WITH LIGHT sC NA |[Hru= 1.2 pem
05/03/91 4. GRAY (2.5Y, 7/2) MOTTLING, MCIST. LIGHT OLIVE BROWN (2.5Y, a = 700 cpm
34.5 1600 5/@) SOFT SANDY, SILTY, CLAY, MOIST, HIGH PLASTICITY. AT = 0 com|
NOTES:
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SQILS

PROJECT NUMBER: &02 3.7 PROJECT NAME: FMPC RI/FS
SORING NUMBER: 1617 COORDINATES: NORTH 480,309.37 EAST 1,378,393.37| DATE: 05/04/91
GROUND ELEVATION: 576.2 GWL: Depth H/A Date/Time N/A DATE STARTED: 04/30/91
ENGINEER/GEOLOGIST: GM, XM Depth H/A Date/Time H/A OATE COMPLETED: 05,/04/MN |
QRILLING METHODS: HORIZONTAL OR[LL MACHINE WITH 8 1/4 [NCH PAGE 2 QF 2 }
D |s 3 R $
E A DT L § El uy T
P a Al g A CN S M H REMARKS
T P T M|w M|]OC CB F
H {LEE|Ss Plvan S0
E L|EE L
¢ E|RS
] Y
66990
64991
66992
56993 LIGHT TELLOWISH BROWN (2.5Y, &/4) LOOSE CLAYEY SAND ANO CLAY sC NA {HAu= 1.2 pom
05/03/91 3. | WITHK LIGHT GRAY ¢2.5Y, 7/1) MOTTLING, YELLOWISH BROWN (10YR, @ =700 cpm
40.2 | 1702 5/8) TO LIGHT OLIVE (2.5Y, 5/6) MEDIUM STIFF SANDY CLAY WITH W gr =0 cpm
£46989 LIGHT YELLOWISH SROMN (2.5Y, &/4) LOOSE CLAYEY SAND AND CLAY sC NA |Hnu= 1.2 ppm
45/03/91 3. | WITK LIGHT GRAY (2.5Y, 7/1) MOTTLING, YELLOWISH S8ROWN (10YR, a =700 cpm
41.5 1702 S/8) TO LIGHT OLIVE (2.5Y, 5/6) MEDIUM STIFF SANDY CLAY WITH ¥ BT = 0 cpm
- &6994 LIGHT OLIVE BROWN (2.5Y, 5/4) LDOSE CLAYEY SAND WITH TRACE sC NA |Hnhu= 2.0 pepm
05/04/91 &, | WEATHERED BLACK ORGANICS, WET. a =400 cpm
42.5 | 0900 8r =0 cpm
66995 LIGHT OLIVE BROWN (2.5Y, 5/4) LOOSE CLAYEY SAND WITH TRACE sC NA |Hmu= 2.0  pem
05/04/91 4, | WEATHERED BLACX ORGANICS, WET. a =600 cpm
48.5 0900 fr =0 cpm
66996 LIGHT OLIVE BROWN (2.5Y, 5/4) LOOSE CLAYEY SANO, SATURATED. sC NA [Hnu= 2.0
05/04/91 4. a = 600 =
51.5 Q952 ar =40 Cpmi
L6997 LIGHT YELLCWISH BROWN (2.5Y, 6/4) VERY LOOSE CLAYEY SAND, sC NA |HPu= 2.0 pami
05/04/91 5. SATURATED. a =600 cpm
56.5 1030 ar =0 cem
66998 LIGHT OLIVE BROWN (2.5Y, 5/6) LOOSE CLAYEY SAND WITH SOME sC NA
05/04/91 3. GRAVEL AND LIMESTONE COBBLES, MQIST TO DAMP,
59.7 | 1423
56999 LIGHT OLIVE BROWN (2.5Y, 5/6) LOOSE CLAYEY SAND WITH SOME s NA
05/04/91 3. | GRAVEL AND LIMESTOME COBBLES, MOIST TO DAMP.
1.0 | 123
&4005 LIGHT OLIVE BROWN (2.5Y, 5/4) CLAY, LOOSE SAND, AND GRAVEL 6C NA lHnu= 1.3 pem
05/04/91 4. | MIXTURE, TRACE LIMESTONE COBBLES, SATURATED, LIGHT BROWNISH a =800 cpm
68.5 | 1620 GRAY (2.5Y, &/2) MEDIUM DENSE CLAYEY SAND WITH SOME GRAVEL. T =0 cpm
BOTTOM OF BORING 468.5 1
NOTES:

SAMPLES COMPARED TO MUNSELL COLOR CHART.
T SEOTECHNICAL SAMPLES
THE HOLE WAS STRAPPED AT 63.5 FT. CORRECTED STARTING DEPTH FRCM 56.5 70 58.5 FT.
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SOILS

PROJECT NUMBER: 402 3.2 PROJECT NAME: FMPC RI/FS
SORING NUMBER: 2032 COORDINATES: NORTH 480,503.468 EAST 1,378,298.59| DATE: 02/06/90
GROUND ELEVATION:  548.3 GWl; Depth  N/A Date/Time  N/A DATE STARTED:  02/06/90 |
ENGINEZR/GEOLOGIST: MIKE SWANSON Qeptn N/A Date/Time N/A DATE COMPLETED: 02/13/90Q i
ORILLING METHODS:  CABLE-TOOL PAGE OF 3 |
o |s 8 R s
E A D T|L S|ETL vy H
P | a l|o a]cw SHi S REMARKS
T P T MW MjOC c8 F
H L EE|S P|VH ]
3 L] EE L
0 EfRS
N Y
TOPSOIL, VERY DARK BROWN (10 YR 2/2) SILT, PEBBLES, SLIGHT ML 2.0
032451 3 PLASTICITY, SLIGHTLY MOIST. Hru= .1 ppm
02/06/98| S 7 HARD, GRAY - DARK GRAY (10 YR 5/1;7.5 Y 4/0) SILTY CLAY, TRACE cL 3.0 jla =0 cpm
1310 & OF SAND, LOW PLASTICITY, DRY TO SLIGHTLY MOLST. AT = &00-500cpm
1.5
HARD, GRAY-DARK GRAY (10 YR 5/1;7.5 Y &/0) SILTY CLAY, TRACE cL | 3.0
032452 2 OF SAND, LOW PLASTICITY, ORY TO SLIGHTLY MOIST. Knus .1 pom
Q2/06/90| 2 2 a =0 cpm
1316 3 Br = 40C-S00cpm
3.0
HARD, YELLOWISH BROWN (10 YR 5/6) SILTY CLAY, TRACE OF SAND, cL 2.5
032453 3 LOW PLASTICITY, SLIGHTLY MOIST. Hruz L1 ppm
02/06/9C| & 7 a =0 cpm
1321 5 BT = 300-400cpm
4.5
MEDIUM DENSE, GRAVELLY WELL GRADED SAND, BROWNISH YELLOW (10 Su N/A
032454 5 YR 6/6), SOME CLAY, TRACE OF SILT, SUBANGULAR GRAVELS AND SAND Hnu= O pem
02/06/9C¢| 8 1 a =0 cpm
1326 " Ar = 300-4600com
6.0
MEDIUM DENSE, GRAVELLY WELL GRACED SAND, SROWNISH YELLOW (10 SW N/A
032455 10 YR &/6), SOME CLAY, TRACE OF SILT, SUBANGULAR GRAVELS AND SAND Hru= 0 FPm
02/06/90f 1 1 | H cL 3.5 ja =0 cpm
1329 8 R AT = &00-400cpm
7.5
VERY SbFT, LIGHT OLIVE BROWN (2.5 Y 5/6) SANDY SILT, SOME ML <.2%
032456 8 CLAY, WET. Hnu= Q ppm
02/06/96| 8 13 a =0 cpm
1335 8 BT = 400-600cpm
9.0
FIRM; LIGHT OLIVE BROWN (2.5 Y 5/6) SANOY, CLAYEY SILT, SLIGHT ML 1.0
032457 3 PLASTICITY, SLIGHTLY MOIST TO MQIST. Hnu= 0 Pom
02/06/90| S 3 a =0 cem
1454 & BT = 400-500cem
10.5
FIRM, LIGHT OLIVE BROWN (2.5 Y S5/6) SANDY, CLAYEY SILT, SLIGHT ML 1.0
032458 6 PLASTICITY, SLIGHTLY MOIST TQ MOIST. Hnu= .1 pun!
02/06/98| & 9 | HARD, GRAY (5 Y S$/1) SILTY CLAY, TRACE OF SAND, LOW cL | 2.5 =0 comi
1501 1" PLASTICITY, SLIGHTLY MOIST. gar = SGU-SGUC:m:
12.0 i
NOTES : '

ALL SAMPLES IN ACCORDANCE WITH ASTM STANDARD PENETRATION TEST.

DESCRIPTICH,

MUNSELL COLOR CHART USED FOR SOIL SAMPLE COLOR
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SCILS

PROJECT NUMBER: 602 3.2

PROJECT MAME: FMPC RI/FS

BORING NUMBER: 1032

COORDINATES: NORTH &80,515.31 EAST 1,373,296.81

DATE:

10/30/87

SAMPLES TAKEN USING ASTM STANDARD PENETRATION TEST.

COLORS CLASSIFIED USING MUNSELL COLOR CHARTS.

] GROUND ELEVATION:  569.3 GWL: Depth  N/A Date/Time N/A DATE STARTED:  10/30/87
ENGINEER/GEOLOGIST: D. OAXLEY Depth  N/A Date/Time  N/A | DATE COMPLETED: 10/31/37 |
| ORILLING METHODS:  CABLE-TOGL { PaGE 1 oF 2 |
o |s ] R 5
£ A D T}|L SIEI Uy T
P |M A 1|0 AafcCN SM| s REMARKS
T P T MW M jOC cs F
H L EE|S P|VEH $ 0
E L{EE L
0 E|{RS
N Y
MEDIUM STIFF LIGHT YELLOWISH BROWN (2.5Y, &/4) SILT, SOME M. | 3.0
007494 4 CLAY, TRACE SAND AND GRAVEL. Hnu= 0 pom
10/30/87| 3 14 | OLIVE GRAY (SY, 5/2) CLAY, SOME SILT, TRACE SAND AND GRAVEL - ct 15 |e =0 cpm
0740 3 DRY. gr = 80 cpm
1.5
MEDIUM STIFF OLIVE (5Y, 5/3) CLAY, SOME SILT, TRACE GRAVEL AND | CL 1.5 .
007495 3 SAND - DRY. Hhuz 0 pem
10/30/87| & 12 | LIGHT YELLOWISH BROWM {2.5Y, 6/4) SILT, SOME SAND AND CLAY - ML 1.5 j@ =0 cpm
0800 3 DRY. : pr = 70 cpm
3.0
MEDIUM STIFF YELLOWISH BROWN (10YR, 5/4) CLAY AND SILT, TRACE cL | 3.5
007496 3 SAND AND GRAVEL - DRY. Hou= 0 ppm
10/30/87] & 10 | DARK BROWN (10YR, 3/3) SILT, SOME CLAY, TRACE SAND AND GRAVEL ML | N/A |a@ =0 cpm
815 4 DRY. gr =70 cpm
4.5
VERY STIFF YELLOWISH BROWN (10YR, 5/4) CLAY, SOME SILT, TRACE et | 3.5
007497 8 SAND AND GRAVEL - ORY, Hnuz O o
10/30/87| 8 14 | VERY STIFF BROWNISH YELLOW (10YR, 6/6) SILT, TRACE SAND AND ML 1.5 [a =0 com;
825 11 GLAY AND GRAVEL - DRY. gr = 70 cpmi
6.0 |
VERY STIFF BROWNISH YELLOW (10YR, 6/8) SILT, SOME GRAVEL AND ML 1.5
Qg74e98 9 SAND, TRACE CLAY - ORY. Hru= 0 pom
10/30/87] 7 1% a =0 cpm
430 11 Ar = 80 cpm
7.5
MEDIUM DENSE HROWNISH YELLOW (10YR, &/8) GRAVEL, SOME SAND AND | GM | N/A
007499 13 SILT - DRY. Hru= 0 pom
10730787 1% | 12 a =0 cpm
1010 17 AT = 60 cpm
$.0 M
SROWNISH YELLOW GRAVEL (10YR, 6/8), SOME SAND AND SILT.
007500 ] VERY STIFF YELLOWISH BROMN (10YR, 5/4) CLAY, TRACE SILT AND cL | 4.5 [Hnu= O pEm
10/30/87) 7 10 | SAND - MOIST. a =0 cpm|
1030 10 fr =70 cpmy
10.5 i
I MEDIUM DENSE LIGHT YELLOWISH BROWN (2.5YR, 6/4) GRAVEL, SOME GC | N/A |
? 207501 3 CLAY, TRACE “SAND AND SILT - MOIST. Hous O pom|
10/30/87| S 14 | STIFF YELLOWISH SROWN (10YR, 5/4) CLAY, SOME SiLT, TRACE SAND cL 25 la =0 com.
1040 7 - MOiST. gr = 30 com|
12.0
SGFT BROWN (10YR, S/3) CLAY, SOME SAND, TRACE GRAVEL AND SILT CH 25 i
007502 1 - WET. Hnu= 0 pom
10/30/87| 2 8 a =0 com
1100 2 gr = 70
13.5
NOTES:
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SOILS

PROJECT NUMBER: 402 3.2 PROJECT MAME: FMPC RI/FS
] BORING NUMBER: 1032 COORDINATES: NORTH 480,515.31 EAST 1,378,296.31|) DATE: 10/30/87
I GROUND ELEVATION: 569.3 GWL: Depth N/A Date/Time N/A DATE STARTED: 10/30/87 ]
| ENGINEER/GEOLOGIST: 0. OAKLEY Depth N/A Date/Time N/A DATE COMPLETED: 10/31/87 i
| ORILLING METHODS:  CABLE-TOOL PAGE 2 oF 2 |
o |s ] R 5
£ A DT L § E I ury T
P M A 0 A CN S M S REMARKS
T P T H M gcC cC8 F
H L EE|S P|VH s o
E L EE L
0 E RS
N Y
VERY STIFF BROWN CLAY (10YR, 5/3) SOME GRAVEL, TRACE SAND AND CH .25
007503 5 SILT - ORY. Hnu= 0 pom
107307871 11 5 a =10 cpm
1110 14 ar = 70 cpm
15.0
HARD OLIVE GRAY {5Y, 5/2) CLAY, SOME GRAVEL, TRACE SAND AND cL 4.25
007506 SILT - MOIST. Hnu= 0 ppm
10/30/87 a =0 cpm
1300 Ar = 60-80 cpm
15.5
VERY STIFF OLIVE GRAY (SY, S/2) CLAY, SOME GRAVEL, TRACE SAND™ cL 4.25
007504 5 AND SILT - MQIST. Hru= 0 ppm
107307871 11 13 a =0 cpm
1330 18 BT = 40-80 cpm
16.5
HARD OLIVE GRAY (SY, 5/2) CLAY, SOME GRAVEL, TRACE SAND ANO cL 4.25
007505 9 SILT - MOIST. Hhu= 0 pom
10/30/87| 12 12 a =10 cpm
1400 &2 AT = 50-80 copm
18.0 i
HARD OLIVE GRAY (5Y, 5/2) CLAY, SOME GRAVEL, TRACE SAND AND cL .25 |
007507 1 SILT - MOIST. Hnuz 0 ppm
10/30/87| 13 11 VERY STIFF YELLOWISH RED (SYR, 5/8) CLAY, SOME SAND, GRAVEL, cL 4.00la =10 cpm
| 15 ANO ILT - ORY. 8T = 60 cpm|
19.5
BROWNISH YELLOW (10YR, 6/8) SILT, SOME SAND - DRY. ML .20
007508 " MEDIUM OENSE YELLOMISH BROWN (10YR, 5/6) FINE SAND, TRACE SILT SP N/A |Hny= 0 pom
10/30/87 1" 14 AND CLAY - DRY. a =10 cpm
1600 15 BROWNISH YELLOW (10YR, &/8) SILT, SOME SAND - DRY. ML .2 AT = 80 cpm
21.0
BROWNISH YELLOW (10YR, &/8) SILT, SOME SANO - DRY. ML .20
007509 8 MEDIUM DENSE YELLOWISH BROWN (10YR, 5/6) FINE SAND - DRY. sP N/A |Hnu= 0 ppm
10/30/871 1N 12 a =5 com
1623 17 AT = 80 cpm
22.5
ME JM DENSE YELLOWISH BROWN (10YR, 5/6) FINE SAND - DRY. SP N/A l
007510 12 Hru= 0 comi
10/30/87 16 14 a =0 com!
1635 18 isr = ol zom
24.0 I l
— |
BOTTOM OF BORING 24.0 :
NOTES:
SAMPLES TAKEN USING ASTM STANDARD PENETRATION TEST. COLORS GCLASSIFIED USING MUNSELL COLOR CHARTS.
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SOILS

PROJECT NUMBER: 402 3.2 PROJECT NAME: FMPC RI/FS '
SORING NUMBER: 2032 COORD [NATES: NORTH 480,503.68 EAST 1,378,298.59( DATE: 02/06/90
| GROUND ELEVATION:  568.8 GWL: Depth  N/A Date/Time  N/A DATE STARTED:  02/06/90
| ENGINEZR/GEOLOGIST: MIKE SWANSON Oepth  H/A Date/Time  N/A ] DATE COMPLETED: 02/13/90 |
; DRILLING METHODS:  CASLE-TCOL | pace of 3 |
0 |s R 5
E a0 T|L S|{EI ur | 1
P | M A T ]0AICNH sul s REMARKS
T P T MiWw M|OC cB F
H | L E E|S P|VH so0
E L|EE L
0 E|RS
N Y
HARD, GRAY (5 ¥, 5/1) SILTY CLAY, TRACE OF SAWD, LCW et | 2.5
032459 2 PLASTICITY, SLIGHTLY MOIST. Hous .1 ppm
02/06/901 5 ] e =0 cpm
1513 19 BT = 400-600cpm
13.5
HARD, GRAY (5 Y 5/1) SILTY CLAY, SOME PEBBLES AND GRAVEL, & 1§ 3.0
032440 12 TRACE QFf SAND, PESBLES AND GRAVEL, ABOUT 3.5 IN., LOW PLASTICI Hrus 0 pem
02/06/90) 5 8 a =0 cpm
1519 15 AT = 400-500cpm
15.0
HARD, OLIVE GRAY (2.5 Y 4/2), SILTY CLAY, COBBLE, SOME SAND et | 2.0
032461 L AND PEBBLES, LOM PLASTICITY, TOP 3 IN MOIST, SOTTOM & IN, SLIG Hrw= 0 pem
02/06/90| 16 7 a =0 cpm
1553 16 AT = 300-400cpm
16.5
VERY KARD, DARK GRAY (2.5 Y 4/1) SILTY CLAY, TRACE OF SAND, ct | >
032462 25 PEBBLES, ONE COSBLE, LOW PLASTICITY, DRY TO SLIGHTLY MOIST. Hou= O B
02/06/9071 36 16 e =0 comy
1601 40 8T = 200-00cazmi
18.0 [
HARD, GRAY (5 Y 5/1) SILTY CLAY, TRACE OF SAND, COBBLES cL | 2.75
032463 28 (QUARTZ), LOW PLASTICITY, SUIGHTLY MOIST. Hnu= .1 pom
Q2/07/90) 21 9 a =0 cpm
1053 30 Ar = 600-800cpm
19.5
DENSE, BROWNISH YELLOW TO YELLOWISH BROWN (10 YR 6/8 TO 5/8), SP | /A
032464 12 FINE, POORLY GRADED SANG, ORY., Hrus .1 pom
p2/07/90| 13 13 a =@ cpm
1612 19 AT = 300-400cpm
22.5
25.0
MEDIUM DENSE, BROWNISH YELLOW TO YELLOWISH BROWN (10 YR &/6 TO | SP | N/A !
032465 8 $/8) POORLY GRADED SAND, ORY. Hhus .1 pom;
02/07/90f 7 12 a =0 comi
1439 11 fT = 400 com
26.5 i
DENSE, LIGHT YELLOWISH BROWN (10 YR 6/4), WITH 3 [N. LAYER OF sw | N/A ]
032466 3 BLACK AND WHITE SAND, SAND MEDIUM TO WELL GRADED, TRACE OF PEB Hhu=z .1 pem |
g2,07/90| 15 10 a =0 cpm|
1602 25 AT = 350-450com|
31.5
NOTES:

ALL SAMPLES IN ACCORDAKCE WITH ASTM STANDARD PENETRATION TEST.

DESCRIPTION.

MUNSELL COLOR CHART USED FOR SOIL SAMPLE COLQR }
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FERNALD RI/FS

VISUAL CLASSIF.CATION OF SOILS

PROJECT NUMBER: 402 3.2 PROJECT NAME: FMPC RI/FS
BORING NUMBER: 2032 COORDINATES: NORTH 480,503.58 EAST 1,378,298.59| DATE: 02/04/90
GROUND ELEVATION: 568.8 GWiL: Depth N/A Date/Time  N/A DATE STARTED: 02/06/90 ’
ENGINEER/GEQLOGIST: MIXE SWANSON Depth N/A Date/Time  N/A DATE COMPLETED: 02/13/90 i
ORILLING METHODS: CABLE-TOOL PAGE 3 OF 3 i
o S B R S
E A DT L s E I uy T
P M A I QO A CN S M S REMARKS
T P T M |{w M|OC ce F
A L E E]S P|VH so
E L|EE L
g E{RS
N Y
VERY DENSE, YELLOWISH BROWN (10 YR 5/6) WELL GRADED SAND, SOME W N/A
032467 13 PEBBLES (.2 IN) TRACE OF SILT, CLAY; ROUNDED TO SUBANGULAR, DR Hhu= 0 pem
02/13/90( 27 9 a =0 cpm
0916 50 fr = 350-450cpm
36.5
DENSE, OLIVE YELLOW (Z.S-Y 6/6) POORLY GRADED FINE GRAINED sp H/A
032468 11 SAND, ORY TO SLIGHTLY MOILST. Hrus .1 ppm
02/13/9G| 18 3 a =40 com
0946 23 AT = 300-4Q0com
41.5
DENSE, DARK YELLOWISH BROWN (10 YR 4/6) WELL GRADED SAND, SOME SW N/A
032469 10 PEBBLES, SUBROUNDED; TRACE OF GRAVEL (APPROXIMATELY .25 - .5 1 Hru= 0.0 pem
02/13/907 15 3 a =0 cpm
1114 23 AT = 300-400cpm
46.5
MEDTUM DENSE, DARK BROWN (10 YR 3/3) WELL GRADED SANDY GRAVEL GW N/A
032470 7 (.25 - .4 IN) SUSANGULAR TO SUBROUNDED, WET. Hnu= 0.0 Pom
02/13/50| ¢ s a =10 cpm
1354 13 AT = 200-400com
51.5
MEDIUM DENSE, DARK BROWN (10 YR 3/3) GRAVELLY SAND, WELL SW N/A
032471 5 GRADED, SUBANGULAR TO ROUNDED, WET. Hru= G.1 pom
02/13/90] S5 é a =0 cpm
1423 8 BT = 250-300cpm
56.5
LOOSE, LIGHT YELLOWISH BROWN (10 YR &6/4) WELL GRADED GRAVELLY SW N/A
032472 2 SAND, (APPROXIMATELY .25 - .5 [N) ANGULAR TO ROUNDED, WET, Hrwu= 0.1 ppEm
02/13/90! 3 7 a =0 cpm
1537 & AT = 400-500cpm
61.5
MEDIUM DENSE, OARK SROWN (10 YR 3/3) (WITH BLACK AND WHITE SW N/A
032473 S PARTICLES) GRAVELLY SAND, SOME COBBLES (.5 IN - .75 IN) TRACE Hry= 0.0 pom
02/13/9¢| 8 [} a =40 cpm
1621 12 AT = 300-450cgm
66.5
BOTTOM OF BORING 65.0 !
NOTES:

ALL SAMPLES IN AGCORDANCE WITH ASTM STANDARD PENETRATION TEST.

DESCRIPTION.

MUNSELL COLOR CHART USED FOR SOIL SAMPLE COLCR
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FERNALD RI/FS

YISUAL CLASSIFICATION OF SOILS

PROJECT KUMBER: 602 3.2 PROJECT NAME: FMPC R1/FS |
BORING NUMBER: 3032 COORDINATES: NORTH 480,492.78 EAST 1,373.296.62} DATE: 09/21/90
GROUND ELEVATION: 569.1 | GWL: Depth R/A Date/Time N/A ‘ DATE STARTED: 09/21/90
ENGINEER/GEOLOGIST: M. GARMAN ] Depth  N/A Date/Time N/A ) DATE COMPLETED: 09/24/90 |
ORILLING METHODS:  CABLE-TCOL PAGE 1 oF 2 |
0 $ 8 R s
E A D T|L S|EL Uy T
P |m a 1]oacH sul s REMARKS
T P T W | W W|OC cB F
H L EE]S P{VH s 0o
3 L} EE L
0 EjRS
N Y
DENSE (10 YR 4/3) BROWN GRAVELY WELL GRADED SAND, SW H/A
033078 10 SOME SILT, WET. Hrus 0 pOm
09/21/90] 21 17 a =10 cpm
1518 17 ArC = 900 <pm
71.5
MEDIUM DENSE (10 YR 3/3) VERY DARK BROWN WELL GRADED SAND, SW N/A
033079 17 SOME GRAVEL (FINE), TRACE SILT, WET. Hrw= 0 pem
09/721/90] 15 14 a =10 com
1533 15 BT = 1000 cpm
78.5 :
VERY DENSE (10 YR 4/3) BROWN FINE TO MEDIUM GRAIMED SILTY SM N/A
033080 50 SAND, WET. ’ Rruz 0 pem
09/21/90 5 a =0 cpm
1600 8T = 1000 cpm
81.5
VERY DENSE (10 YR 4/2) DARK GRAYISH BROWN WELL GRADED SAND, SW N/A
033081 18 SOME SILT, WET. (85.0 - 85.9). Hny= 0 o
09723790 22 18 VERY DENSE (10 YR &/2) DARK GRAYISH BROWN SILTY FINE TQ MEDIUM SM H/A @ =0 cpm
0924 n GRAINED SAND, WET. (85.9 - 84.5). AT = 1000 cpm
85.5
MEDIUM DENSE (10 YR 4/2) DARK GRAYISH BROWN SILTY, SANDY FINE GM N/A
033082 9 GRAVEL, WET. Hhu= 0 ppm
09/23/90| 10 11 a =10 cpm
1007 14 AT = 800 cpm
91.5
DENSE (10 YR 3/2) VERY DARK GRAYISH S8ROWN SILTY WELL GRADED SM N/A
033083 10 SAND, SOME FINE GRAVEL, WET. } M= 0 pem
09/23/90( 17 18 a =90 cpm
1619 15 AT = 900 cpm
96.5 .
MEDILM DENSE (10 YR 4/3) DARK BROWN WELL GRADED SAND, SOME SW N/A
033084 7 SILT, TRACE FINE GRAVEL, WET, Hou= 0 pem
09/23/90f 8 14 a =0 com
1442 13 AT = 800 com
101.5
MEDIUM DENSE (10 YR 4/3) DARK BROWN WELL GRADED SAND, TRACE SW N/A :
033085 1 SILT, WET. Hou= 9 semi
Q9/23/90| 13 18 a =0 comi
1626 11 AT = 900 cp'nl
106.5 !
MEDIUM OENSE (10 YR 5/2} lGRA'HSH BROWN WELL GRADED SAND, TRACE W N/A !
033086 12 FINE GRAVEL, TRACE SILT, WET. Hru= 0 pem
09/24/90| 10 18 a =0 com
ag29 & BT = 800 r
111.5

NOTES: SAMPLES COMPARED TO MUNSELL COLOR CHART
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FERNALD RI/FS VISUAL CLASSIFICATION OF SOILS

PROJECT NUMBER: 602 3.2 PROJECT NAME: FMPC RI/FS

BORING NUMBER: 3032 COORDINATES: NORTH 480,492.78 EAST 1,378,296.62

DATE: 09/21/90

l GROUND ELEVATION: 569.1 GWL : Oepth N/A Date/Time N/A DATE STARTED: 09/21/90
' ENGINESR/GEQLOGIST: M. GARMAN Depth N/A Date/Time N/A DATE COMPLETED: 09/24/60
| DRILLING METHODS: CABLE-TOOL PAGE OF 2
o} 5 B R 5
E A DT L s EI ur T
4 M oA I 0 A CN S M S REMARKS
T P T MW M QcC cCB8 F
H L & E S P|VH 50
E L|EE L
0 E|RS
N Y
VERY DENSE (10 YR 5/2) GRAY!SH BROWN WELL GRADED SAND, SOME SW N/A
033087 14 FINE GRAVEL, TRACE SILT, WET. How= 0 ppm
09/24/90(1 S0 18 a =0 cpm
10460 AT = 800 cpm
116.5
HARD (5 Y 4/1) DARK GRAY SILTY CLAY, TRACE FINE SAND, SLIGHTLY cL 2.25
031088 i1 MOIST TO MOIST, MEDIUM TQ HIGH PLASTICITY. Hnu= O Pom
09/26/90| 26 15 a =0 com
1345 25 AT = 800 com
121.5
HARD (5 Y 4/1) DARK GRAY SILTY CLAY, TRACE FINE SAND, HIGH cL 2.5
Q33029 PLASTICITY, SLIGHTLY MOIST. Knu= 0 pam
09/24/90 19 | * SHELBY TUBE SAMPLE 121.5 - 123.1. a =0 cpm
1545 AT = 80C cpm
123.1

BOTTOM OF BORING 123.1

NOTES: SAMPLES COMPARED TO MUNSELL COLOR CHART
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FERNALD RI/FS

VISUAL CLASSTFICATION OF SOILS

COLOR VIA MUNSELL COLOR CHART.

PROJECT NUMGER: 402 3.2 PROJECT NAME: FMPC RI/FS
BORING NUMBER: 1033 COORDINATES: NORTH 480,412.89 EAST 1,378,675.14| DATE: 04/08/88
GROUND ELEVATION: 577.0 GWL: Depth N/A Dace/Time N/A DATE STARTED: 04/08/88
ENGINEER/GEQLOGIST: M. GOLDBERG Depth N/A Date/Time N/A DATE COMPLETED: 04/10/88 l
ORILLING METHOOS:  CABLE-TOOL PAGE 1 oF 2 |
o |3 8 | R s
E A DT L S E ! uy T
P |M A T|O A|CN su| s REMARKS
T P T MM njoc CB F
H L E E|S P|VH 50
E LJ]EE L
0 E RS
N Y
STIFF DARK YELLOWISH BROWN CLAY (10YR, &4/6), DRY, cL 1.5
008853 3 Hru= 0 ppm
04/08/88] 4 18 a =10 cpm
1450 & Ar = 600 cpm
1.5
STIFF YELLOWISH BROWN CLAY (10YR, 5/8) ORY. CL 1.5
00asss 9 Huz 0 pem
04/08/88] 7 12 a =10 cpm
1455 11 AT = 600 cpm
3.0
VERY STIFF YELLOWISH BROWN CLAY (1GYR, 5/8), TRACE SILT. ML 2.5
008855 10 Hnus 0 ppm
oL/08/88] 1 18 a =90 com
1530 14 AT = 600 cpm
4.5
VERY STIFF YELLOWISH BROWN CLAY (10YR, 5/8), VERY SILTY ML 2.5
0088548 10 MOI1ST. Hhu= 0
04708788 10 18 g =0 coni
1540 10 Ar = 600 com|
6.0
SHELBY TUBE.
008357
04709788 13
115
7.5
SOFT OLIVE GRAY CLAY (5Y, 5/2) DRY, HIGH PLASTICITY. CL <1
0oasss 1 Hnu= 0 ppm
04/09/88; 1 12 a =0 cpm
1030 1 T = 600 cpm
%0
SOFT OLIVE GRAY SILTY CLAY (5Y, 5/2) DRY, PLASTIL. cL | <1
008859 1 Hri= 0 ppm
0470988 2 18 e =0 comy
1035 2 Ar = 600 comi
10.5 !
SOFT GRAY SILTY CLAY (5Y, 5/1) TRACE SAND, MOIST, WET. cL <t
008880 [ MED [UM DENSE GRAY SILTY SAND (SY, S5/1) WET. SM <1 Hnu= § o0m
04/09/88| 5 13 a =0 zomi
1940 3 AT = 540 comi
12.0
NOTES:
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FERNALD RI/FS

COLOR

VIA MUNSELL COLOR CHART.

PROJECT NUMBER: 402 3.2 PROJECT NAME: FMPC RI/FS
BORING NUMBER: 1033 COORDINATES: NORTH 480,412.89 EAST 1,378,475.14| DATE: 04,08/88
GROUND ELEVATION: .0 GWL: Depth N/A Date/Time N/A DATE STARTED: 04,/08/,88
ENGINEER/GEOLOGIST: M. GOLDBERG l Depth N/A Date/Time N/A DATE COMPLETED: 04/10/88
DRILLING METHCODS: CABLE-TOQOL PAGE QF 2
o 3 8 R 5
3 A DT L S EI uy T
P M A o A CN S M 5 REMARKS
H P T M WM oc cs F
] L E & s P YV H $0
E L|EE L
0 E RS
N Y
MEDIUM DENSE GRAY SILTY SAND (5Y, 5/1), VET. SH <1
008851 4 Hnu= 0 ppm
04/09/88| 7 12 a =10 cpm
1355 7 BT = 450 cpm
13.5
MEDILM DENSE GRAY SILTY SAND (5Y, 5/1) WET, TRACE GRAVEL. SM <1
Q08862 12 Hnu= 0 ppm
04/09/88) 10 14 a =0 cpm
1400 1" Br = &G0 cpm
15.0
MEDIUM DENSE GRAY SILTY SAND (5Y, 5/1) WET, TRACE GRAVEL. SH <}
008843 5 MEDIUM STIFF DARK GRAY SANDY CLAY (5Y, 5/1) WET, TRACE GRAVEL. cL < Hru= 0 ppm
04/09/88| 5 10 a =0 cpm
1440 [ Ar = 400 cpm
16.5
STIFF DARK GRAY CLAY (5Y, 5/1)-TRACE GRAVEL, MOIST. cL 1.5
008864 -] Hhu= 0 pom
04/09/88| 9 8 a =40 cpm
1530 11 Ar = <00 cpm
18.¢
MEDIUM DENSE SANDY SILT WITH TRACE OF GRAVEL (5Y, 5/1), MOIST. SM <3
008845 7 Hau= 0 opm
04/09/88| 9 12 a =0 cpm
1535 s AT = 380 com
19.5
STIFF DARK GRAY CLAY (5Y, 5/1), TRACE OF GRAVEL - DRY. cL 2.0
008865 & Hru= Q pom
04/09/88| 6 12 a =10 cpm
1630 a Br = 380 cpm
21.0
BOTTOM OF BORING 21
HQTES:




FERNAL RI/FS

VISUAL CLASS CATION OF SQILS

PROJECT NUMBER: 602 1.2 PROJECT NAME: FMPC RI/FS
BORING RUMBER: 2033 COORDINATES: NORTH 480,411.10 EAST 1,378,487.33} DATE: 05/31/90
GROUND ELEVATION: 577.0 GWL: Depth N/A Date/Time N/A DATE STARTED: Q5/31/90
ENGIMEER/GECLOGIST: C. GRUBE Depth N/A Date/Time N/A DATE COMPLETED: Q6/12/°0 |
ORILLING METHCOS:  CABLE-TOOL PAGE ofF 2 r
D S |-} R S
13 A D T | L S${EI U T
P H Al 0 A CN S M S REMARXS
T P T M| ¥ HijOC CB F
H Lt E E S Pl VH S0
E L|EE L
O E{RS
N Y
HARD (S Y 4/1) DARX GRAY SANDY CLAY, TRACE OF FINE TC  IARSE cL 2.0
Q32759 7 GRAVEL, LOW PLASTICITY, MOIST. Hnu= 0.2 pem
45731790 14 H a =0 cpm
1535 15 BT = 220-240cpm
22.5
FIRM (S Y 4/1) DARK GRAY SILTY CLAY, TRACE OF SAND AND FINE TQ cL 1.75
032760 5 MEDIUM GRAVEL, MEDIUM PLASTICITY, MOIST. Hnu= 0.2  pom
05/31/901 7 - e =0 cpm
1600 9 8T = 190-200cpm
26.0
FIRM (5 Y 4/1) DARK GRAY SILTY CLAY, SOME SANO, TRACE GOF FINE cL e
0327561 10 TO COARSE GRAVEL, LOW PLASTICITY, VERY MOIST. Hnus 1.0 pem
06/05/9Q| SO é& a =0 cpm
1035 12 Br = 190-200cpm
25.5
VERY HARD (5 Y &/1) DARK GRAY SILTY CLAY, TRACE OF SAND, TRACE cL 4.5
032762 32 OF FINE TO MEDIUM GRAVEL, MEDIUM PLASTICITY, MOIST. Hnu= 1.0 [
06/05/90| 27 9 a =0 com
1100 30 Ar = 200-220cpm
27.0
VERY HARD (S Y 4/1) OARK GRAY SILTY CLAY, TRACE OF SAND, TRACE cL 4.5
032763 * é OF FINE TO COARSE GRAVEL, LOW PLASTICITY, MOIST. Hou= 1.0 ppm
06/05/90| 15 é a =0 cpm
1108 22 AT = 220-240cpm
28.5
FIRM (5 Y 4/1) DARK GRAY SAND CLAY, TRACE OF FINE TQ COARSE cL 1.0
032764 4 GRAVEL, LOW PLASTICITY, MOIST. Hou= 1.2 pom
06/05/90f 12 7 a =90 cpm
1400 13 BT = 230-240cpm
30.0
DENSE (10 YR 5/4) YELLOWISH SROWN WELL TO POORLY GRADED SAND, s | M/A
032745 10 TRACE OF SILT AND FINE TO MEDIUM GRAVEL, MOIST. Hru= 1.0 Pom
Q6/05/90( 14 12 a =0 com
1435 18 Br = 200-220com
36.5 i
VERY DENSE (2.5 Y 5/4) LIGHT QLIVE BROWN TO (2.5 v 6/4) LIGHT SP N/A !
032766 15 YELLOWISH BROWN POORLY GRAOED TQ SILTY SAKO, TRACE QF FINE GRA Hrwu= 5.0 oomi
06/Q05/90) 45 18 a =20 comi
1455 43 A7 = 180-200com;y
40.5
VERY OENSE (2.5 Y &/4) LIGHT YELLOWISH BROWN SILTY TO GRAVELLY SHM N/A l
032767 35 WELL GRADED SAND, DRY TO SLIGHTLY MQIST. Hnus C.6 pem|
06/05/901 50 10 a =0 cpm‘
1500 Ar .= 220-230¢~
46.5
NOTES: ]

SAMPLES COLLECTED PER ASTM STANDARD PENETRATION

TEST - MUNSELL COLOR CHART USED FOR SAMPLE COLOR [DENTIFICATION.
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FERNALD RI/FS

VISUAL CLASSIFICATION OF SOILS

! PROJECT NUMBER: 602 3.2

[—

PROJECT HAME: FMPC RI/FS

SCRING NUMBER: 2033

COORD[NATES: NORTH 480,411.10 EAST 1,378,587.33

DATE: 05/31/90

[ GROUND ELEVATICN: §77.0 GWL: Depth  N/A Date/Time  N/A DATE STARTED:  05731/90 |
| eNGINEER/GEOLOGIST: C. GRUBE Depth  N/A Date/Time M/A DATE COMPLETED: 06/12/90 |
J ORILLING METHCOS:  CABLE-TOOL PAGE 0fF 2 |
0 §{s 8 R 5
£ A D T|L S|EI uy T
P {m a 1|0 alcCk sM| s REMARKS
T il T M|wH|[oc csa F
H L E E|S P U | S0
£ L]{EE L
0 E|RS
N Y
VERY DENSE (10 YR $/4) YELLOMISH BROWN, WELL 7O POCRLY GRADED S | N/A
032748 18 SAND, TRACE OF FINE TO MEDIUM GRAVEL, VERY MOIST. Hou= 0.2 pem
04/07/90| 25 12 a =0 cpm
0955 45 8T = 200-220czm
§1.5
MEDIUM DENSE (10 YR 4/4) DARK YELLOWISH BROWN POORLY GRADED sp | N/a
032769 3 SAND, TRACE OF SILT AND FINE GRAVEL, WET, Hhuz 0.2 pem
06/07/90| 8 8 a =0 com
1100 20 AT = 180-200cam!
56.5
MEDIUM DENSE (10 YR 5/4) YELLOWISH BROMN SILTY TO POORLY sHo | w/a
032770 ) GRADED SAND, TRACE OF FINE GRAVEL, WET. Hhuz 0.4  ppm
06/12/90| 9 1" a =40 cam
1015 15 T = 200-220cpm
61.5
VERY DENSE (2.5 Y S/4) LIGHT OLIVE BROWN POORLY TO WELL GRADED | SP | N/A
032771 20 SAND, TRACE OF FINE TO MEDIUM GRAVEL WET. Hhu= 0.2 ppm
06/12/90| 50 1% a =0 cpm
1120 Ar = 160-170cpm)
68.5
032772 DENSE (10 YR &4/3) BROWN GRAVELLY WELL GRADED SAND, SOME SILT, sw | N/A
033078 10 WET. Houz 0 pem
06/12/90] 21 17 a =0 cpm
1518 17 8L =900 cpm
71.5
i
BOTTOM OF BORING 70
NOTES:
SAMPLES COLLECTED PER ASTM STANDARD PENETRATION TEST - MUNSELL COLOR CHART USED FOR SAMPLE COLOR IDENTIFICATION.
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APPENDIX C

WATER LEVEL ELEVATIONS

ERAFSI'VOLI1:RSAPPS\RSDATA\
OU-4\PO-161\S8-GEO 5/3/96, [1:03am, Rev. No.: 0



JANUARY 1996 OU-4 WATER ELEVATIONS

Boring Number Grou:d Elevation Water Elevation
1034 569.2 568.73
2034 569.7 521.79
3034 569.9 521.74
1029 577.3 564.50
1032 569.3 562.99
2032 568.8 522.18
3032 569.1 522.19
1891 5714 567.94
1892 573.5 566.57
1033 577.0 - 576.00
1893 575.5 570.00
12061 578.9 570
12062 575.2 566
12063 580.2 574
12064 577.1 576.1
12065 577.6 574.1
12066 577.4 568.4
12067 577.8 574.8

Notes: 1. Water elevations in borings 12061, 12062, afd 12063 were inferred from boring logs; other
water elevations were directly measured.

2. Water level measurements at borings 12064, 12065, 12066, and 12067 were taken immediately
upon completion of drilling.

ERAFS1\VOL1:RSAPPS\RSDATA\
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APPENDIX D

COMPACTION CURVES

ERAFSI\WOL1:RSAPPS\RSDATA\
OU-4\PO-161\S8-GEO 5/3/96, 11:03am, Rev. No.: 0



1 0.01-0.0 :riigeQ

OrEr s :vedmu sigmoe

0308t

:pnino8d

[22] (i) lavpiD diiw _bno2 ysyold nwo8 deiwolleY :noitgitozed

fived! 2,881 :ydizne0 y¥0 mumixoM NS.8 :fnsinod swwizioM mumiiqO

A borisM 83 O MT2A :borisM noiloogmod €Y.8 :yvlivprd aitioeqd

JC\II\E :batesT soind

.onl ,pnitzsT p11sT

bsonovbA :dold

cs

TUITHUOD 3AUTZIOM
THOI3W YAQ 30 TKM3OHA3] Ui

| | O‘Pr
110113 biobnoie :sfol E
U L
|
i
!
SR S ot
!
|
b e — AW e m e = =~ = - - - = - -
| |
| |
i |
AR Ay SR R R P ost
noijomog NOO! Yo zavwd !
iivod ailiaeqZ el |
?
|l A
|
--------- q----40It
1
|
B e e e B i el S -
1 |
- .
- bt R R e e it il el oor
I I ! 1 | | 1 | 1
| | | 1 i | | | |
I t | | t | | 1 |
_____ Y [ [ UV G S MU
| i t | ' } | 1 |
| ! I | ! ¢ 1 i 1
! 1 I ! ! i I 1 |
S S NS N S S RN N 0e
(03N cl or c 0

DBA DEWMRILA M I'B2\CN tI°

EFE: N2 BEL VA ONTABEO R INBO R TVDEYI B ¢ L1100 DO (2K X04208)




FLLE: /USR/REF 4 /0U4 / PO /PO I/ DCH/BMP 7 4 11325C DG (5K X04 319)

IN LBS/CU FT.

DRY DENSITY

Boring: _12063 Sample Number: 411325 Depth: 0.0-10.0 ft
Description: Dark Yellowish Brown Sandy Lean Clay [CL]

Optimum Moisture Content: 14.7Z Moximum Dry Density: 114.7 Ibs/ft>

Specific Gravity: 2.72 Compaction Method: ASTM D 698 Method A

Lob: Advanced Terra Testing, Inc. Date Tested: 3/14/96
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FILE: AUSR/REF 47004 /PO 1/POIGL/OGN/BMP / 4 11385C DGH._(SKX04 5316}

DRY DENSITY IN LBS/CU FT.

140

130

120

Boring: _12065 Sample Number: 411385  Depth: 0.0-10.0 ft

Description: Light Olive Brown Lean Clay [CL]

Optimum Moisture Content: 14.94 Maximum Dry Density: 116.8 lbs/ ft’

Specific Gravity: 2.78 Compoction Method: ASTM D 698 Method A

Lab: Advanced Terra Testing, Inc. Date Tested: 3/11/96

Note: Standard Effort

Curvas of 1007 Saturotion
For Specific Gravity
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MOISTURE CONTENT
IN PERCENT OF DRY WEIGHT




FLE:/USR/REF 4/0U4 /PO61/PDIG1/DGHBIMP 7 4 1U355C DN (SKX04 17}

DRY DENSITY IN LBS/CU FT.

Boring:

12066

Sample Number: 411355 Depth: 0.0-10.0 ft

Description: Yellowish Brown Lean Clagy ECL])

Optimum Moisture Content: 16.37 Moximum Dry Density: 111.8 ibs/ft’
Specific Gravity: 2.83 Compaction Method: ASTM D 698 Method A

Lab: Advanced Terra Testing, Inc. Date Tested: 3/15/96
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Sheor Stress, psf
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Triaxial Compression Test Report

Semple No. 411333

Depth 6.5.-9.0 ft

Description - Yellowish Brown Lean Clay (Loess) (CL)

Boring No. 12061
J . Cohesion  Friction
] @%,—' (psf) Angle
4 A o
; SR Effective 130 347
I Total 80 32
//' N
| r// \\
77 N
] P N
] o A
: i 4 \ h
1 #, ’ \
= i N \
1 - ! \
] = R \
] ( ! \
- 217 N\
1 7~ ! |
E ST . el bl T - T T I N I BT
0 1000 2000 300 4000 5000 60D 7000 8000 9000 10000 1000 12000 13000 14000 15000

Normal Stress, psf

Type of Test: TX/CUpp

Sample Type: In_Situ

Failure Criterio: Maximum Principal Stress Ratio

Boring No. | Depth | Spec. | (JRERE, | total | Dy wiar [ peviator| D8O [CUSENS IO princiga
Weight | Weight St(rxc;ln S(t;sefs}s Pressure l;’rgssur()a (Stress) SR};E?

Initial | Fingt | (P | (pch (psh S'(gr;r‘;" "o
411333A) 234 ) 22.2 131.2 106.3 7.51 6719 346 2534 6253 3.85
12061 6.5-9.0 411333B| 23.2 | 22.9 130.9 106.2 6.02 4263 14 1426 5684 3.99
41333C1 216 22.0 130.8 1075 343 1908 130 590 2499 423

1. Saturgteg Test

CAaD FILE: #USR/REF4/0U4/P0161/P0161/DCN/411333_MO.DGN 15KX04 309



Shear Stress, psf
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Triaxial Compression Test Report

Depth 10.5.0-13.0 ft

Sample No. 411335

Description - Yellowish Brown Sandy Silt [ML]

Boring No. 12061

I~ .\qV Cohesion  Friction
Q{.ae(’\/ .17 {psf) Angle
- Effective 170 36°
- P e Total 200 32
’,-r‘é,’:"_‘a-.‘:_*-—.._\
I T~
™~
“
N
N\
N
N
\
A
A\
'
l
A S NS Y T [ NS S R [ [ N A S P Y B
0 1000 2000 3000 4000 5000 8000 7000  BOOO 9000 1000 11000 12000 13000 14000 15000
Normal Stress, psf
Type of Test: TX/CUpp Sample Type: In Situ Feilure Criterio: Maximum Principai Stress Ratio
i i Major
i Depth Spec. Moisture Total Dry ‘ : Delta |Effective] Maje o
Weight | Weight (yc; tpsh Pressure I;'r_essur? (S_tress) Roti?)s
iti i (pchH {pct) ‘ (psf) sigma, | {sigma,
Initial | Finaf pc pc P (psf) tpsh
41133541 15.6 16.1 133.6 15.6 6.03 7248 504 2376 9624 4.05
12081 10.5-13.0  |4n3358| 135 | 13.0 | 1435 126.5 3.01 3977 230 1210 5186 4.29
41335C( 15.9 15.9 137.8 119.0 1.81 2584 14 706 3290 4.66
L Saturgted Test. CAD FILE: /USR/REF 4/0U4/POI61/PO161/DGN/411335_MO.DGN  (SKXD4310}



Shear Stress, psf
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Boring No. 12060

Triaxial Compression Test Report

Description - Yellowish Brown Sandy Silty Clay [CL-ML1

Sample No. 411304

Depth 7.0.-9.5 ft

Normal Stress, psf

Cohesion Friction
i (psf} Angle
e

nb P Silty Clay [CL-ML]

aope - .
] e weT Effective 300 29
T ot / j Total 400 23"
] L - @ .-
] PR ’é Yol Silty Sand
I+ L~ //7 s Effective O 39
E // ./ '\\ .«”\
] i A T4
] - / / Lo AN
] e -~
T 4 frrr— S T~
] ’ / - \\\ h
] / /‘// _r/ \-\ \
// ’,-/- _:_”;/ ™ \\
T y N N
] ; e ,/ S N
5// // / D VT
. = A V[
¥ / ! \ \ v
¢ 72T N ' | NI Y N . I NS YN SN | N S U S N I M N ) S NS [ T
0 1000 2000 3000 4000 500 6000 7000 8000 3000 10000 1000 1200 13000 14000 15000

1. Saturated Test.

Type of Test: TX/CUpp Sample Type: In Situ Failure Criteria: Maximum Principal Stress Ratio
. Spec., Moisture Total Or ) ) Detta |Effective] Major .
oW ool 0 | il | k| e oz F ool ol
Weight | Weight 0 (psf) Pressure TF?SSUF? (S_tress) Ratio
iti ; tpchH {pch ' {psfr | !S1gMay}{isigma,
Initiol | Final pc p ps (psh) (psh
4113044 141 12.7 144.8 126.9 6.84 5017 806 2074 7094 3.42
12060 7.0-9.5  |411304B| 7.5 17.3 136.5 116.2 2.52 3188 389 1051 4240 4.03
411304C| 19.1 9.1 | 133.5 121 4.33 7459 | -1483 | 2203 9662 4.39
CAD FILE: FUSR/REF 4/0U4/P0161/P0161/DGN/ 411304 _MO.DGN {SKX04 3086)




Shear Stress, psf
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Triaxial Compression Test Report

Boring No. 12063 Sampie No. 411322  Depth 4.0-6.0 ft Descripticn - Olive Brown Lean Clay (CL]
- Cohesion Friction
(psf) Angle
We Effective 360 27
i yﬁo Total 500 16 *
P Sl
NS WSS SR RS - — e AN | R I S—
0 1000 2000 3000 4000 5000 6000 7000 800 9000 1000 100G 12000 13000 14000
Normal Stress, psf
Type of Test: TX/CUpp Sample Type: In Situ Failure Criteria: Maximum Principal Stress Retio
Moisture Effective| Mojor
: Spec. Total Or . . Delte U haJC -
i I A T N T sl e el e e e
Weight | Weight o (psh) Pressure E’r_essur? (Stress) R;T;s
oA ; tpch) (pcf) ’ {psi) sigma; )| tsigma,
Initial | Finat pc P ps (psh (psf)
4113228 23.8 | 24.0 | 125.9 101.8 6.78 3546 1454 1426 4971 3.49
12063 4.0-6.0 [|an322¢| 25.2 | 26.8 | 125.5 100.3 1.70 1901 245 475 2376 5.00
(SKX04308)

1. Saturated Test.

CAD FILE: /USR/REF4/0U4/POIBI/POIB1/DGNS 411322 _MO.OGN

15000



Shear Stress, psf
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Triaxial Compression Test Report

Sample No. 411306

Depth 11.0-13.5 ft

Desceription - Dark Gray Sandy Silty Clay [CL-ML]

Boring Neo. 120860

1. Saturated Test.

T Cohesion Friction
{psf) Angle
o Effective 0O 347
i .4./ Total 0 27"
\-_o(}'\ .—”
5y M o7
1 \O\’o,"
] L Sl
1 /::‘7,?‘\ T~
] |~ -~ \ N~
1 L~ ~
] "N
i ! \
] -~
] /// \\
] 10 - \
1 c/ \
p z I,’ / \
tZ i | N /L NN SR T 1 - W N - T N NI ST N -
0 1000 2000 300 4000 5000 6000 7000 8000 3000 10000 11000 1200 13000 14000 15000
Normal Stress, psf
Type of Test: TX/CUpp Sample Type: In Situ Failure Criterior Maximum Principal Stress Ratio
. Moist Effective| Major
Boring No. Depth Spec. | . OtIS Tr(ey) Total Dry Axiol | Deviator| D&t c Efc-ﬂ-',\: primj:j al| Principol
(feet) No. ontent &7 Unit Unit Strain | Stress |, Or€ or g P Stress
Weight | Weight P (psh) Pressure I;’r_essur? (S_tress) Ratio
i - (pch | (pch : {psf) |{sigmas}|(sigma,
Initial | Final p pe ps (pshH (psh
4113064( 12.2 1.9 145.4 128.5 4.22 5493 778 2102 7596 3.61
12060 1N.0-13.5 |4n3068| 13.0 13.0 142.8 126.4 3.42 2613 490 950 3563 375
41L306C) 111 1.5 1449 130.4 6.04 3094 -346 1066 4160 3.90
CAD FILE: /USR/REF 4/0U4 /PO161/POIS1/DGN/ 411306, MO.OGN  (SKX04307)



Shear Stress, psf
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Boring No. 12063

Triaxial Compression Test Report

Description - Derk Yellowish Brown Silty Clay with Sond [CL-ML}

Somple No. 411324 Depth 8.0-10.5 ft

T R Cohesion  Friction
: o L - (psf)  Angie
] kﬁe’ P . .
] < Jor - Effective 170 35
T f? - Total 0 32
E— r—;‘:_—’_._—-——-——-._._\
3 o -~
1 \
~
- ~
AN
AN
hY
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| > \
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\ \
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Al ST T VT W | NN & AN SIS N NN 1T SO NN SN S S T - 1 - TR S R (SN N -
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 MO0 12000 13000 14000 15000

Normal Stress, psf

1. Soturated Test.

Type of Test: TX/ClUpp Somple Type: In Situ Foilure Criteria: Maximum Principal Stress Ratio
i ffective| Majar
i Depth Spec. Moisture Total Dry . . Delta  |Effects lajc .
Boring No. (fe!:zt} Ko, Content (%) Unit Unit SAt):IﬂqL Dgt\.:gézr Pore |Confining| Principal Pé;r:cmsm
Weight | Weight (7}' (pst) Pressure I(:’r_essur? {S_tress) Ro?i?)
i ; (pch) (pcf) ' (psf) SIgmas | isigma,
Initiol | Final | ‘P pc P (psh) (psf)
411324A1 215 | 19.9 | 1281 105.5 5.86 6697 691 2189 8885 4.06
12063 8.0-10.5 [41324B} 21.6 21.3 130.5 107.3 4.24 4160 187 1253 5412 437
411324C] 21.0 219 129.8 107.3 2.52 1509 403 317 1826 576
CAD FILE: /USR/REF 4/0U4/POIBI/POIBT/DGN/41324_MO.DGN  (SKX04340)



Shear Stress, psf

Triaxial Compression Test Report

Boring No. 12063 Sample No. 411327  Depth 12.0-14.5 ft Description - Gray Lecn Clay [CL]

I Cohesion  Friction
: ‘14 (psh Angle
5000 N 2 P
: / Effective O 32"
T Total 210 27

4000 —

]
I / 1ot -”

/ A
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2000 ] L~ = <7
g_ -’,—/‘/', \ ~
] . Vs AN
] =l N
1000 s L \
3 \ \
. / I\
1o i / S { \

[V il | ] (I - ford ! A | ] SN S S NV [N NS (S NV S T Y S H

14000 15000

3000 4000 5000 6000 7000 8000 9CO0C 10000 10O 12000 13000
Normal Stress, psf

Type of Test: TX/CUpp Sample Type: In Situ Failure Criterio: Maximum Principal Stress Ratio

Delta |Effeclive] Major

Moisture Total Dr . ) o
y Axial [ Deviator Pore |Confining| Principat | Principal

. S .
Boring No. Depth pec Content (#)

{feet) No. Unit Unit 5
Weight | Weight St(r_/u)ln S(tr:fs)s Pressure|Pressure| Stress SRt;TiSOS
Initial | Final pch {pcf) ' P (psf) | (sigmas) (stgma )}
{psh (psf)

4113274| 20.2 | 20.4 | 1301 108.2 3.40 4189 1080 1800 5989 3.33

12063 12.0-14.5  |4113278] 20.9 | 20.4 | 131.7 109.0 3.42 2417 444 996 3413 3.43

4N327C1 212 | 20.5 | 132.4 1083 6.90 1628 43 677 2305 3.41

1. Saturated Test. CAD FILE- /USR/REF 4/0U4 /POIG1/PO61/DGN/ 411327_MO.DCN  (SKXG4341)
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Boring No. 12064

Triaxial Compression Test Report

Somple No. 411372

Depth 21.5-24.0 1t

Description - Dark Grayish Brown Lean Clay with Sand [CL3

Normal Stress, psf

B Cohesion Friction
B V {psf) Angle
a\l
y Effective 60 39
- 1oL - Total 220 23"
] // B—< b
+ et ™
3 // - AN
4 A r,—’ ~
] P N
1 / L s \
5 PPNt N \
] - At ] A
/./-f/’ LN \\
] / AN \\
] Al ! N y
7 < 7 v '
P N / 3 3
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0 1000 2000 3000 4000 5Q00 6000 7000 8000 3000 10000 11000 12000 1300 14000

Type of Test: TX/CUpp Somple Type: In Situ Failure Criteric: Maximum Principal Stress Rotio

. Spec. Moisture Total Dr ) ) Delta |Effectivel Mojor o
B o i L o I B el e e b
Weight | Weight o (osf) |Tressure Pressure| Stress R ?‘ss

Initial | Finat | €| {pch ' P (psf) | {sigmas)|(sigma,)y FANO

(psf) (psf)

4113724 14.8 | 126 | 1421 123.8 853 8120 2966 2794 10913 3.91

12064 21.5-24.0 (413728 15.3 | 13.4 141.7 122.9 15.14 4753 801 2079 6832 3.29
411372C| 151 14.0 141.1. 122.6 5.84 2557 418 1022 3579 3.50
CAD FILE: /USR/REF 4 /0U4 7P0161/ PCIB1/DGN/ 4 1372 _MO.DGN (SKXC4337)

V. Soturated Test.

15000



Shear Stress, psf
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Boring No. 12065

Triaxial Compression Test Report

Description - Light Olive Brown Lean Clay [CL]

Somple No. 411383

Depth 6.0-8.0 ft

S

Cohesion Friction
(psf) Angle

Effective 190 32°
Total 290 23

| } ] }

............... T T

1
....... T T

12000 13000 14000

o] 1000 2000 3000 4000 5000 8000 7000 BOOO 9000 10000 11000
Normal Stress, psf
Type of Test: TX/Clpp Sample Type: In Situ Failure Criterig: Maximum Principal Stress Ratio
. Shec. Moisture Total Dr ) i Delta Effective} Major o
ot |G| Lcorent o0 | it | el | e oot Ford |coniongerncoo | ochol
Weight | Weight P (psh) Pressure fr_essur? (S_lfess} R;Tizs
iti i (pehH) {pchH) ' lpsf) [!sigmas)fisigmo,
Initial | Final P P p (psh (psh)
4N383A( 21.7 | 21.0 131.6 108.2 5.10 4680 n23 1757 6437 3.66
12065 6.0-8.0 4113838| 22.2 | 22.0 1311 107.2 4.20 347 547 893 4040 4.53
41383C| 211 20.2 133.6 0.4 3.40 1843 202 518 2361 4.55

1. Saturated Test

CAD FILE: FUSR/REF 47004 /PO161/PMHEY/ OGN/ 4 11383_MO.DCN (SKX04338)



Shear Stress, psf

6000

3000

4000

3000

2000

1000

Triaxial Compression Test Report

Sample Na. 411357

Depth N.5-14.0 ft

Description - Olive Brown Lean Clay with Sond (CL)

Boring No. 12066

4

Cohesion Friction

{(psf)

Effective 330

Total

570

Angle

27
16"

| s

Y

LI

1400C 13000

1000 2000 300 4000 5000 6000 7000 8000 9000 10000 41000 12000 1300
Normal Stress, psf
Type of Test: TX/CUpp Somple Type: In Situ Failure Criteria: Moximum Principot Stress Ratio
Boring No. | Oepth | Spec. | (FREE | Total | Dy pvir | peviator | OO NEISEINS OIS | principo
Weight | Weight St(rxc)ln S(tgsefs)s Pressure l;’r_essur? (S_tress) SRt;el:;s
litiol | Final | (Pch (pef tpsf) s:gr:fc;, Sl(%r_:;l
41135740 4.7 | 14.2 | 1409 122.8 6.75 3688 1253 1627 5315 3.27
12066 11.5-14.0 413578 15.0 14.8 14%.1 122.7 6.74 3024 288 1152 4176 3.62
411357C| 15.4 155 140.5 1217 5.01 2030 15 6035 2655 4.39
1. Soturcted Test. CAD FILE: /USR/REF4/0U4/POIGEI/POISI/DGN/ 411357_MO.DGN  (SKX04339)
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Boring No. 12067

Triaxial Compression Test Report

Sample No. 411345

Depth 11.5-14.0 ft

Description - Dark Gray Leon Clay ICL]

Cohesion Friction

e

{psf) Angle
Effective 230 26"
Total 400 17 °

ol o
L
errrberrArrrer e R - TN H— N b
o 1000 2000 3000 4000 5000 6000 7000 800C 9000 10000 11000 12000 13000 1400 15000
Normal Stress, psf
Type of Test: TX/ClUpp Sample Type: In Situ Faillure Criterig Maximum Princtpol Stress Ratio
. ] Moisture Total Dr . . Delta |Effectivel Mojor .
Boring No. ?fi:zttr; Sﬁg? Content <20 | Unit Uni); S!:xmil D;-tv:otor Pare |Confining] Principal Pgttrr\apol
Weight | Weight (ryc;n (F::fs)s Pressure I;’r'essurf; (S_tress) Ro?izs
i ; tpet) | (pch : {psf) | {sigmos)i(sigma,
Initial | Final P P P (psf) ipsf
4113454 250 | 22.4 12G.2 103.3 4.49 3042 1382 1498 4540 3.03
12067 1.5-14.0 [4n3458| 256 | 245 128.3 102.2 6.00 2568 360 1080 3648 3.38
411345C) 26.5 | 26.4 | 127.2 100.6 5.18 1605 144 576 2181 3.79

1. Saturoted Test.

CAD FILE: /USR/REF 4 /0U4/PQ161/P0161/DGN/ 411345_MO DN (SKX04342)



